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PREFACE 


TO 

THE SECOND EDITION. 


The first edition of this Treatise on tlie Screw Propeller having been for a 
considerable time out of print, the issue of a second edition has become 
necessary, the appearance of which has, however, been retarded by my desire to 
introduce various improvements into the work, while other occupations have 
left me but little time for the accomplishment of such a task. I have, however, 
at length succeeded in accomplishing a cursory revision of the work, which, I 
trust, will make it more useful than before. In the various doctrines and 
opinions propounded in the first edition, I am not aware that I have now to 
make any material alteration, and the result of the accumulated experience we 
are every day acquiring, seems to give to those doctrines and conclusions a 
weightier sanction than they could obtain from my arguments or authority. 
Some engineers still make use of geared engines for driving the screw ; but the 
most eminent manufacturers have now discarded gearing, and other makers 
must either imitate this good example, or be themselves discarded. The 
suggestion I made four or five years ago for working steam vessels under certain 
circumstances with combined screw and paddles is now being carried into effect 
in the great steam vessel designed by Mr. Brunei for the Eastern Steam 
Navigation Company. I do not, however, admit that such an experiment 
can test the soundness or otherwise of the views I put forth, which had 
reference to special conditions j and much of the success, moreover, of such 
an experiment, depends upon the manner in which it is carried into effect. 
Large vessels, we know, are both physically and commercially more advan- 
tageous than small vessels, provided only they can be filled with cargo ; but 
in some cases in which small paddle vessels have been superseded by large 
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screw vessel.s, tlie superior result <lue to an increased size of hull has been 
imputed to a superior efficiency of the propeller. No fact, however, is more 
conclusively establishetl than this, that the efficiency of paddles and of the 
screw as jiropelling instruments is very nearly the •same; and in cases in which 
geared engines are employed to drive a screw vessel, the machinery will take 
up about the same amount of room as if paddles had been used, and the result 
will be much the same as if paddies had been adopted. Where direct acting 
engines, however, are employed, the machinery will occupy a much less 
space in screw vessels than is possible in paddle vessels ; and the use of direct- 
acting engines in screw vessels is necessary, therefore, for the realisation of 
the full measure of advantage which screw propulsion is able to afford. 

J. BOURNE. 

Greenock, January, 1855 . 
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In this work I have collected the most material of the facts connected with the 
operation of the screw propeller, so that the reader is, I believe, brought up to 
the highest point of information yet reached in connexion with that subject. I 
have not stopped short, however, with the accomplishment of this task ; but 
having perceived that screw vessels, as heretofore constructed, have had weighty 
and invariable defects, I have proceeded to devise expedients for remedying these 
defects, and in this endeavo'ur the result, I believe, will show that I have not been 
wholly unsuccessful. The most formidable of the imperfections heretofore attach- 
ing to screw vessels has been their inability to contend successfully with head 
winds, without involving a most wasteful expenditure of coal ; and this pecu- 
liarity unfitted them for carrying important mails to distant countries with advan- 
tage, or for performing any similar service where head winds might have to be 
encountered for a long period of time. If screw vessels, however, be built upon 
the principles I have recommended, I believe that this defect will be completely 
remedied ; and I further believe that such vessels would be able to proceed against 
a head wind of such strength that a paddle vessel of equal power would not be 
able to stem it at all. If my views upon this subject should turn out to be cor- 
rect, I think it cannot be doubted that an important step in advance in the art 
of screw propulsion will have been gained by their promulgation. 

In the mode of constructing ships, so as to gain more strength with less 
material, I have offered various suggestions, the force of which every one of the 
least mechanical aptitude will at once discern; and the wonder will be how it 
could happen that ships, with the accumulated skill of a thousand generations 
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expended upon them, could continue to be constructed in so unskilful a manner. 
A ship is weakest in the direction of her length : she is liable to bend in the 
middle, or to hog, as it is technically termed; or she may break in two, which 
is called breaking her back. To strengthen her in this direction various kinds 
of straps, trusses, and other palliatives, have been from time to time introduced ; 
but where the evil should be met is in the deck, and not in the sides, since a ship 
is, in truth, to be regarded as a hollow beam, of which the deck is the upper 
edge and the bottom the lower edge. In such a beam it is manifestly the top 
and bottom which have to endure the strain, the function of the sides being 
merely to keep the top and bottom in their right positions. It is, therefore, in 
the top and bottom that the strength must be collected, and by adopting this 
principle in the construction of ships, more strength will be obtained with less 
weight. 


There are various other suggestions of improvement scattered through the 
work, — such as for diminishing the friction of ships in the water by lubricating 
the bottom with air ; for correcting the evils of a full bow or stern, by applying 
a bow and stern of air ; for enabling vessels to go closer to the wind, by providing 
that the impinging wind shall not come in contact with the reflected wind, which 
last is to pass off through holes or openings in the sail ; for enabling the sail to 
move, to some extent, with the varying pressure of the wind, in order that a more 
equable pressure may be imparted to the vessel, whereby the speed will be in- 
creased; and for accomplishing other important objects which it would occupy 
too much space to enumerate here. I cannot doubt that the introduction of these 
improvements into navigation will be productive of important benefits ; and 
it will be a source of much satisfaction to me if it should appear that I have been 
the means of advancing to a higher perfection that important art on which the 
well-being of the human family so much depends. 

JOHN BOURNE. 


June 26M, 1852. 
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HISTORICAL ACCOUNT OF THE SCREW PROPELLER. 

In this Chapter I propose to recapitulate the leading features of the several projects which 
have been propounded at different times for propelling vessels by means of a screw. I shall 
endeavour to trace, so far as now seems practicable or useful, the earlier history of this 
contrivance, and shall subsequently inquire to whom, among the various inventors whose 
works pass under review, the practical realization of the idea of screw propulsion is properly 
attrihutablc. Successful invention generally implies the existence of two distinct kinds of 
merit. The one lies in the conception or discovery of eligible expedients of improvement ; 
the other lies mainly in the diligence and persistency necessary to remedy the crudities of a 
first essay, to dispel the doubts of the unbelieving, and to overcome the inertia by which 
new projects are obstructed. The latter species of merit has, in most cases, the largest 
claim upon the public admiration, for its successes are both more difficult and more rare than 
those of mere abstract invention ; and since it is only from the practical realization of a 
mechanical idea that any advantage to the public is obtained, and since also the rights of 
inventors rest upon reciprocity of advantage between themselves and the public, it is clear 
that the validity of patents should only be recognised where a public benefit has been 
conferred. In those cases, however, the recognition of a valid title should be prompt and 
unequivocal, nor should any alternative condition be permitted between that of a title past 
question and that of no title at all. 

The screw propeller is, in all probability, a very ancient contrivance. In China it is 
said to have been known for ages ; but in European countries the idea of a screw propeller 
appears to have been derived either from the windmill or smoke-jack, or from the screw of 
Archimedes, — an instrument much used in some countries for raising water. The windmill 
and smoke-jack appear to be both ancient contrivances. In the 77th proposition of Hero’s 
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“ Spiritalia,” a work WTitten 130 years before the Christian era, a windmill, of a construction 
similar to that of windmills now in use, is represented as applied to blow an organ, — the air 
being forced into the air-chest of the organ by means of a cylinder and plunger or piston, 
worked by the windmill. In the East the windmill was used in ancient titnes for raising 
water for purposes of irrigation. Christie, in his account of Scistan, a district lying to the 
east of Persia, and watered by the Hclmund, says, “ The country, though now only inhabited 
by Afghans and Beloochecs in felt tents, still bears the marks of former civilisation and 
opulence ; and there arc ruins of villngcs, forts, and windmills along the whole route, from 
Rodbar to Doosliak.” Scistan is celebrated as the ordinary residence of Rustum, of 
romantic celebrity among the Persians. It was conquered in 1383 by Tamerlane, who 
exterminated the inhabitants, and reduced the towns to ruins.* 

The smoke-jack is substantially a small windmill, driven by the current of hot air or 
smoke ascending a chimney. Chimneys are supposed by some persons to be a comparatively 
modem invention, and to have been introduced into this country about the reign of 
Elizabeth. But this opinion is certainly erroneous; for houses built long before the time of 
Elizabeth, and furnished with chimneys which are manifestly part of the original structure, 
may still be met with at Southampton and elsewhere. In Coningsburg Castle, in Yorkshire, 
supposed to have been built by W. do Warrein in the year 1070, a chimney of very 
excellent construction occurs, and this chimney is so built up in the castle walls that it 
could not have been a subsequent addition. In the houses of the Greeks and Romans, 
chinrneys appear to have been but little used; and in Spain, Barbary, and throughout a 
large part of the East, chimneys are but little used in the ordinary class of houses at the 
present day, — a fire being seldom needed for purposes of warmth, and the operations of the 
kitchen being, for the most jmrt, performed by means of an open charcoal fire. Nevertheless, 
in some of the houses of the Greeks and Romans, chimneys did exist, and references to these 
chimneys may be found in ancient authors. The hypocausta, or stoves, by which the 
superior class of houses was warmed in cold weather, had necessarily chimneys; the 
furnaces of the baths had also chimnep, as had also the camini, or metallurgic furnaces, 
from which the word chimney appears to have been derived. Houses in which wood was 
burnt must necessarily have had chimneys of some kind to let out the smoke, and in 
ancient times large quantities of fire-wood were sold at Rome. And where chimneys 
existed, the introduction of a small windmill into them to take advantage of the upward 
current of air, was too obvious an expedient not to have been attempted at a very early 
period, though at what time the application was first made there is now no means of 
ascertaining. The chimneys of the ancients were for the most [>art of imperfect 
construction, and the houses were consequently smoky. The best kind of fire-wood was 
scorched before being exposed for sale. 

There appears very little doubt that windmills were in use among the Romans, as 


• See Thomlou's Gazetteer of the Countries adjacent to India. Allen & Co., 1844. 
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aflSrmed by Pomponius Sabinus ; and by an old Bolicmian chronicle* it appears that no mills 
but windmills were in use in that country before 718, at which time a watcniiill was first 
introduced. The knowledge of the windmill was probably brought into Western Europe 
by the Crusaders ; and soon after the Crusades began, charters were granted to parties in 
France and England authorising the construction of windmills. In Holland, M-indmills 
were largely hitroduced for draining the land ; and in onler to make them available with 
every wind, they were set ujion flouts, which could be turned round, so that the sails would 
face the wind from whatever quarter it came. Subsequently other expedients were 
adopted for the accomplishment of this object, some of which are still employed. 

It is now pretty certain that boats propelled by jxiddle-wheels moved by oxen were 
used both by the Carthaginians and the Romans; and in 1543, Blasco de Garay, a Spanish 
sea-captain, appears to have succeeded in giving motion to wheels of this kind by means of 
steam, though the arrangements he adopted are unknown, and no practical benefit resulted. 
In 1G18, and again in 1630, David Ramsey obtained patents in this country' for methods of 
making vessels go against wind and tide. In 1632, Thomjis Grent obtained a patent for 
enabling becalmed ships to make a s[)cedy passage ; and in 1637, Francis Lin obtained a patent 
for “ drawing and working up barges and other vessels” without the aid of horses. In 1661, 
the Marquis of Worcester obtained a patent for a species of vessel which would ascend a rapid 
in a river, by rendering available the force of the stream for the upward propulsion of the 
vessel ; and in the same year a patent was granted to Thomas Toogood and James Ua 3 ’cs 
for the propulsion of vessels by forcing water out through the bottom. Papin, Savciy, 
Allen, Hulls, and others, subsequently projxised a variety of arrangements for proixlling 
vessels by a steam engine giving motion to paddle-wheels, and this object became readily 
accomplishable so soon as Jlr. Watt’s improvements upon the steam engine enabled a 
rotatory motion to be obtained from it with advantage. 


ROBERT HOOKE. Born, 1635; Died, 17o|. 

A windmill with four vanes is substantially a screw with four threadsf, and as a 


windmill is an ancient contrivance, a screw 

* Wcncealai llagccli Chronic. Bohero. Translated 
into German by John Sande). Nuremberg, 1697. 

f Fergnwn, in his ** Lectures on Select Subjects,” 
delivered about a century ago, explains that the vaues 
of windmills must have a twist, ** causing all the nbs of 
the vane to lie in diflercnt planea and this twist, he ex- 
plains, should be regulated ** according to the different 
velocities from tlie axis to the extremity of the vane,” so 
that the same angular velocity would be generated, upon 
whatever part of the vane the wind was made to im* 
pinge. The same explanation, of the considerations 
regulating the twist of the vanes, is given by previous 


must also be so, only that in the case of a 

mathematical writers, and vanes made upon this prin* 
ciple would constitute portions of a true screw. But in 
the practical rules given by Smeaton and other engineers 
for setting out windmill vanes, the vanes do not form 
portions of a true screw. If the arm of a screw of 
35 ft. pitch, be divided in the direction of its length 
into six equal parts, and the pitch be taken near the 
centre, at the circumference, and at the four intermediate 
positions, it will be found to be 35 ft. at each point ; but 
if the arm of a windmill made according to Smeaton s 
rules be similarly divided, the pitch at the circumference 
will be 23^ fL, at the next point 35 ft, at the next 
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windmill the arms work in air instead of in water. The idea of making a screw on 
the plan of a windmill, to work in water, appears to have originated mth Robert Hooke, 
one of the most remarkable men this country has ever produced. In a work, entitled 
“ Philosophical Collections,” printed for Richard Chiswell, printer to the Royal Society, 
1681, there is a paper by Hooke on Horizontal Windmills, containing, as all his papers 
do, many valuable suggestions on various subjects. Hooke says that he does not believe 
horizontal windmills to be as good as vertical windmills ; but that if horizontal windmills 
are in any case employed, it will be advisable to 
preferable to any heretofore recommended, and which 
is represented in jig. 1. Hooke says that there are 
certain first principles common to the sails both of 
windmills and ships, which it is important should 
not be transgressed, if an efficient performance is 
required ; and of these the first is, that the vane or 
sail upon which the wind impinges shall be, as far 
as possible, a perfect plane, without any bellying, 
bunting, or curvity, such as is often to be met 
with in the sails of ships, and which nautical men 
commonly reckon as an advantage. The second of 
these first principles is, that the air shall have as 
many passages between the parts of the vane or 
sail as can conveniently be provided, so that the 
moving air may impinge on the surface of the sail 
freely, without being obstructed or intercepted by 
stagnant air in front of it. The third of these first principles is, that the plane of the 
vane or sail shall be put in the middle inclination, between the way of the wind and the way 
of the arm, or that of the body of the ship. It will be seen from the figure, that the wooden 
vanes of this horizontal windmill turn upon a centre, in the same manner as the feathering 
floats of modem paddle-wheels. The motion of these vanes or floats is governed by means 
of gearing ; but Hooke says that this is not the best expedient for the purpose, and that he 
has only introduced toothed wheels into the diagram, because their action is readily compre- 


adopt a form which he suggests, as 

Fig. 1. 



point 35 fL, at tlic next point 30 (t 9 in., at the next 
point 21^ ft., and at the point nearest to the centre 
10 fL The purpose of this deviation from the form 
of a true screw, in setting out the vanes, is to accomplish 
certain practical objects, of which one is, that in con- 
sequence of the elasticity of the arm, it would be warped 
out of the form of a true screw by the pressure of the 
wind, if made of the form of a true screw at first ; 
and it is therefore made of such a shape, that the form 
approaches more nearly to that of a true screw when 


the wind is passing through the vanes. Near the centre 
of the arms the wind imparts but tittle rotative force, so 
that a deviation from the true screw form there is not 
of importance, and the pitch is reduced very much near 
the centre, to keep the vanes clear of the tower in which 
the windmill revolves, to adjust them to the tower velo- 
city of the wind due to the obstruction presented by 
the tower, and to obv'iate the necessity of any great 
overhang of the windmill shaft. 
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hended. While, however, Hooke disapproves of the substitution of this horizontal windmill 
for the vertical windmill commonly employed, he thinks the expedient “ may be of great use 
for water mill s in rivers where there can no dam be made, as may also the perpendicular 
vanes of other mills ; which,” he adds, “ I thought also not inconvenient to mention by-the- 
by, neither of them being so much as hinted by any person whatever that I have hitherto 
heard of." 

In this rapid outline we have all the main features, both of the screw propeller and 
feathering-wheel, in their most efficient forms. For no screw propeller is more efficient than 
a screw with arms, like the vanes of a windmill ; and, in the best feathering-wheels, the 
plane of the float-board passing through the water is put in the middle inclination, between 
the way of the arm and the way of the stream, as Hooke recommends should be done. In 
these arrangements, it is true, the water drives the screw or paddle-wheel, instead of being 
driven by it ; but it is obvious that the one problem is just the reciprocal of the other, and 
the same considerations which make the arrangements proposed eligible in the one case, 
also make them eligible in the other. Fig. 1. is copied from a woodcut given in the 
“ Philosophical Collections ; ” Jig. 2. represents a paddle-wheel constructed on Hooke’s prin- 


Fig.i. 



rxATKKJimo rAiJbtX'WUEXL nooKs’s watkr*xiix. aeuw. 


ciple, and which is identical in all material points with that, known as Oldham’s paddle- 
wheel ; and jig. 3. is a representation of the sails of a windmill, taken from Emerson’s 
Mechanics, but set to operate in water, after the manner that Hooke proposed. 

On the 14th November, 1683, Hooke showed to the Royal Society an instrument he had 
invented for measuring the velocity of the wind. It conaiated of four vanes, like the vanes 
of a windmill, set upon an axis, and made very light and easy of motion. The vanes were 
so contrived, that they could be set at any slope or angle that was desired, and the rate of 
the instrument could be thereby varied so as to enable any adjustments to be made that 
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were requisite to give exact indications. This instrument was tried in the long gallery in 
Gresham College, and its operation was found to be satisfactory. On the 28th November, 
168.S, Hooke showed to the Royal Society an instrument he had contrived and shown to some 
of the members twenty years before, by which the way of a ship through the water, or the 
velocity of a river, could be measured. This instrument, of which the most essential part 
was a screw turned by the water, was designed, not merely to keep an account of the distance 
run, but also of the amount of lee-way under all the tackings of the ship. Only the vane or 
fly of the instrument was shown to the Society, and it appears to have constituted the 
original of the patent or Massey’s log, now coming into use ; but Hooke's instrument was 
more perfect than the present patent logs, as it took cognizance of the lee-way. Hooke had 
also, it is understood, discovered a method of enabling his log to tJike cognizance of ocean 
currents, which no existing instrument can do ; and he is also said to have discovered a 
method of constructing an instrument capable of tracing upon a map or sheet of paper the 
course of a carriage on a road, whatever windings it might make : but these, with many of 
his other inventions, arc now lost. The plan of making gearing in steps, as is done in nearly 
all screw vessels in which gearing is employed, is an invention of Hooke’s, as is also the 
revolving pendulum, the universal joint, the application of the existing balance-si)ring of 
watches, and numberless other inventions of great originality and importance. He also 
aj)pears to have been the first person who arrived at just i<leas toucliing the nature of 
combustion, and his doctrines Lavoisier only revivet.1; he traced the phenomena of the tides 
to the attraction of the moon, and had a clear apprehension of the universality of the 
principle of attraction, and the important part it plays in the system of the universe ; he 
predicted that the earth would be found to be flattened at the poles, and that the rate of 
clocks would be found different near the poles from the rate ne.or the equator. In optics, 
geology, and most other departments of physics, he miule important discoveries or 
suggestions ; and many of the ideas which Newton worked out, were previously entertained 
by Hooke, though Newton appears also to have arrived at them by an independent process. 

Much misconception still exists regarding the manner of propelling and guiding the 
galleys of the ancients. It appears, from the account given by Suidas, that they had sometimes 
a rudder at each end, so that they might be propelled cither way without difficulty; and Athe- 
niBus, in his Fifth Book, says that Ptolemy Philopator’s great ship was “ biprora et bipuppis," 
or, in other words, a twin vessel. Hooke, in a very interesting lecture on the method of 
rowing the ancient galleys, delivered in July, 1684, propounds the following opinions: — 

First, that the oars used by the ancients were very much like the oars used by us, but 
broader and flatter, shorter and lighter, and managed only by one or two. Secondly, that 
they were moved, not vibrating backwards and forwards as ours now arc, but inwanls and 
outwards, so that the action rather resembled sculling than rowing. Thirdly, that they did 
not lie horizontal as ours do, but almost perpendicular ; and when aground, the oars seircd 
as legs or props to sustain the vessel. Fourthly, that they were not lifted out of the water, 
but always remained immersed. Fifthly, that they always propelled the vessel, whether they 
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were moved outwards or inwards ; and sixthly, that the rowers but seldom sat with their 
faces to the poop of the vessel, but sometimes with their faces toward the prow, and for the 
most part with their faces outwards and forwards. He also mentions in what way he 
considers the rowers must have been distributed, and concludes that, in the larger vessels, 
there must have been a considerable overhang of the sides to enable the several tiers of 
rowers to work simultaneously. The rowers, by a sculling action, moved their oars all 
together, either outward or inward, and, by this mode of propubion, great velocity of 
motion might, it was considered, be attained. In modem boats with horizontal oars, the 
action resembles that of a paddle-wheel ; whereas, in the ancient galleys, the sculling action 
more resembled that of a screw, which is, in effect, a continuous sculling machine, in 
which the necessity of a reciprocating movement is superseded, by giving a complete 
revolution to the propelling blade.* 


LEUPOLD. 1724. 

Lcupold, in his “ Theatrum Machinarum," gives drawings of several arrangements of 
Archimedian screws driven by windmilb for raising water from low lands. Figs. 4. and 5. 

Fi^. 4 . 




AftCHUnCUIAS ROUCW or OVR niKIUU. 


Fig.S. 



AMatOtZMAM KttMW Of TWO THRIAS*. 


are copied from this work ; Jig. 4. being a portion of on Archimedian screw with a single 
thread, and Jig. 5. a portion of an Archimedian screw with a double thread. The upper 


• See Waller's Poetbumoos Works of Robert Hooke, p. 569. London. Folio, 1705. 
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Fig. 6. 



portion of Jig. 5. bears a near resemblance to a screw propeller such as is now 
commonly employed. These screws arc termed “water snakes’’ in Holland, 
in which country they were formerly largely used. Leopold also gives a 
drawing of an instrument for measuring the force and velocity of the wind 
by means of a vane, similar to that previously proposed by Hooke. This vane 
is in fact a small screw, as will be seen by a reference to Jig. 6., which is 
copied from Leupold’s work. 


DU QUET. 1731. 


In the “ Rccueil de Machines approuv^es par I’Acad^mie," tome i., there is an account 
of an arrangement of revolving oars, invented by M. Du Quet, in which four oars set in an 
arbor are made to revolve like a paddle-wheel, and the emerging float is feathered by being 
turned edgeways to the water in its ascent. This plan was tried at Marseilles in 1693, by 
order of Louis XIV., and was also tried at Havre. It was said to give better results than 
the oars of a common galley, and obtained the approbation of the French Academy in 1702, 
but has never been found to be of any utility in practice. In the “ Rccueil de Machines 
approuvdes par I’Academie dcpuis 1727 jusqu’au 1731,” another contrivance by Du Quet 
is given for dragging vessels up against a stream, by means of a screw, or helical feather, 



DU QL'BT*« M.M'III.VK n*!! DRAtVlKO Vr VV.<\RI4 All.VIRKT A t't'RrtKRT. 


which is turned round by the water. This contrivance is represented in Jig. 7., and it is 
obviously very inferior in efficacy to the previous project of Hooke, in which a screw, 
resembling the vanes of a windmill, is completely immcrged in the running water, instead 
of dipping superficially, in the manner of Du Quet’s machine. 


M. BOUGUER. 1746. 

In Bouguer’s “Traitd du Navire,” published at Paris in 1746, various methods are 
described of propelling vessels without the aid of saib. One arrangement suggested, is to 
place two paddles at the stem, which are to be moved backwards and forwards by the crew ; 
and the paddle blades are to open like a double door during the back stroke so as to imitate 
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the action of the duck’s foot. Another arrangement which is mentioned as having been 
proposed, is, to employ revolving arms, like the vanes of a windmill : but this expedient, it 
is stated, had not been found to possess sufficient force. 

DANIEL BERNOUILLI. 1752. 

In 1752, Daniel Bemouilli obtained the prize offered by the French Academy of 
Sciences for the best project for impelling vessels without the aid of wind. He proposed to 
employ inclined planes, acting obliquely upon the water, as in the ancient galleys, but those 
planes were to move circularly, like the vanes of a windmill. The advantages of the 
sculling mode of propelling, as practised by the ancients, had previously been pointed out 
by Hooke, ns well ns the efficiency of vanes, like tliose of a windmill, working in water; 
and Bemouilli proposed to apply two or three wheels with inclined paddles, resembling the 
vanes of a windmill, on each side of a vessel, and two more at the stern — the multiplication 
of the wheels being probably intended to meet Bouguer’s objection touching the inadequacy 
of their propelling force. These wheels, or screws, as they might be termed, were to be 
about 6 ft. in diameter ; they were to be completely imiuerged in the water, and were to 
be moved cither by steam engines or by horses. 


W. EMERSON. 1754. 


Wheels impelled by the gravity of water acting upon oblique 
vanes, set in a conical casing, have been long used in France under 
the name of Danaidcs, or roues u poires, and such wheels arc de- 
scribed by Bclidor in his “ Architecture Hydmulique.” The base 
of the cone was set uppermost, and the water entered at the base 
and escaped at the apex, — acting during its descent upon oblique 
division plates, which in some coses were plane surfaces, and in 
other cases spiral, or screw formed. In some cases the gravitating 
water was made to act upon a helix, or screw, set vertically in a 
cylinder ; and Emerson, in his “ Principles of Mechanics,” gives a 
drawing of an arrangement of this kind, from which fig. 8. is copied. 

Emerson saj's, “ The arbor and its leaf may be cut altogether out of 
the solid trunk of a tree ; or else, the leaf may be made of pieces 
of boards nailed to several supporters of wood, which are to be let, 
everywhere, into holes made in the body of the arbor, so that they 
may stand perpendicular to its surface, and all set in a spiral. And 
the spiral is made on this consideration : that for every 10 inches in 
the circumference of the axis you must rise 7 inches in the length. 

But at the lop it mil be better to rise faster, so as to have its surface almost perpendicular to 

c 
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the Stream."* We have here a very distinct enunciation of the principle of the expanding 
pitch, though, from the imperfect manner in which the screw is drawn in the figure, no 
visible increase of the pitch at the top is there exhibited. The principle, however, is so 
definite, and is so distinctly stated, that it does not need a figure to make it understood. 


JL PAUCTON. 1768. 

In a work on the Archimedean screw, by M. Paucton, published at Paris in 1768, the 
employment of a screw is proposed for propelling vessels. It is suggested that a pterophore, 
composed of tlie circumvolution of the thread of a screw round a cylinder, should be placed 
on each side of the vessel, or one only at the fore port, and it is stated that these pterophores, 
or screws, may be cither wholly immersed, or up to the axis only. A screw is also proposed 
for measuring the velocity of vessels, in the manner now done by Massey’s log : but this 
idea had been propounded by Hooke nearly a century before. 

D. BUSIINELL. 1776. 

In 1776, a submarine vessel was invented by D. Bushnell, an American, which was to 
be raised upwards, or sunk downwards, in the water, by a screw or twisted blade affixed 
to the top of the vessel; and moved backward or forward by another screw or twisted 
blade affixed to the bow, — a rudder being placed at the stem to guide the vessel in any 
direction. This vessel was to carry a powder magazine, which could be screwed to the 
bottom of an enemy’s ship ; and a time-piece, in connexion with the magazine, was to fire 
the powder after the lapse of any time that was desired. This contrivance, which displays 
much ingenuity, was not found to be manageable in practice. It ■was the original of 
Fulton’s torpedo, which excited so much interest about the commencement of the present 
century.f 


JOSEPH BRAMAH. 1785. 

On the 9th May, 1785, Joseph Bramah, of Piccadilly, engine maker, enrolled a patent 
for various improvements in machinery, among which arc described two new modes of 
propelling vessels through the water. The first of these contrivances consists in the appli- 
cation of a paddle-wheel to the stem of a vessel, which paddle-wheel is to be driven by a 
steam engine, — the rudder being placed in the bow, instead of the stern, to facilitate this 
adaptation. The second contrivance consists in the application to the stem of the vessel 
of “ a wheel with inclined fans or wings, similar to the fly of a smoke-jack, or the vertical 


* See Emerson's Principlcfl of Mechanics, p. 268. 

It would appear that Falton* by whom steam navi* 
f^tion was subsequently introduced into America, mndo 
various experiments in France about the end of the lost 


century, with a propeller Uko the vanes of a windmill; 
but he came to the conclusion that paddle wheels would 
give a better result. A reference to Fulton's experi* 
ments will be found in the Life of Cartwright. 
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sails of a windmill. This wheel may be fixed on the spindle c (of the rotatory engine) 
alone (that is, without intermediate gearing), and may be wholly under water, where it 
would, by being turned round either way, cause the ship to be forced backwards or forwards, 
as the Inclination of the fans or wings will act as oars with equal foree both ways, and their 
[tower will be in proportion to the size and velocity of the wheel, allowing the fans to have 
n proper inelination." Bramah explains, that where the engine shaft passes through the 
vessel, it is to be made tight by a stuffing-box, of which he gives a drawing ; but he does 


Fig. 9. 


BRAX.Ul's AKRAAOfUIRKT fDll mnrRUJKO BY A TADDLS- 
WI1SKL AT THU STttO*. 


Fig. 10. 




not give any drawing of his screw vanes, and Jig. 10. is therefore constructed from the 
modification he describes as necessary to be made upon his drawing of the paddle-wheel, 
given in Jig. 0., to represent the arrangement proper for the submerged propeller. The 
material parts of Bramah’s plan arc anticipated by the previous suggestions of Hulls, 
Bernouilli, and others ; but his general arrangement for fixing a screw at the stem, “ in or 
about the place where the rudder is usually placed,” to be worked by a shaft proceeding 
direct from the engine, though vaguely described, is very judicious, and is such as would 
be perfectly successful if now carried into practice. There is no evidence to show that 
Bramah ever made, or tried, a propeller of this kind, and his rotatory engine, by which it 
was to be driven, turned out a failure. 


WILLIAM LYTTLETON. 1794. 

On the 11th November, 1794, William Lyttleton, of Goodman’s Fields, Middlesex, 
merchant, enrolled a patent for an instrument which he called the “ Aquatic Propeller,” by 
which vessels were to be forced through the water. This propeller consisted of three helical 
feathers wound on a cylinder, os represented both by end and side views in fig. 11., and 
these cylinders were to be so fixed at the bow and stern, or at the sides, as to be immerged 
in the water, and to cany the vessel forward when put into revolution. Each cylinder, 
or screw, was to be turned by an endless rope, working in a sheave. An experiment was 

c a 
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made with this screw by Lyttleton, in a boat in the Greenland Dock, and was witnessed by 
Colonel Beaufoy ; but the effect was less than was expected, — the speed realised being 

Fig. n. 



only about two miles an hour. The invention was said to have been brought from China, 
from whence Lyttleton, who was a merchant, may have derived it. 

FITCH, DESBLANC, TIIILOIRIER, and DELACROIX. 1791 to 1799. 

On the 29th of November, 1791, a brevet of invention was granted in France to Fitch, 
the American, for a vessel to be propelled by steam ; but it is stated in the “ Descriptions 
des Machines et Procedds sp^cifids dans les Brevets d’lnvention expirds,” Paris, 1811, that 
M. Desblanc had previously pro|X)sed a similar scheme ; and that a model of his plan had 
been deposited in the Conservatoire des Arts et Metiers. On the 14th February, 1796, a 
brevet of invention was taken out in France by Jean-Charles Thiloirier, of Paris, for modes 
of employing currents of air and water in the production of mechanical power, and for 
numerous applications of that principle, one of which was to enable vessels to ascend a river 
against the current — a scheme long before projected by the Marquis of Worcester. On the 
27th July, 1799, a brevet of invention was taken out in France by M. Delacroix, for a 
vessel capable of plying ^vithout sails, horses, or wheels. 

EDWARD SHORTER. 1800. 

On the 1st March, 1800, Edward Shorter, of St. Giles’-in-the-Fields, Middlesex, 
mechanic, enrolled a patent for propelling vessels by various expedients, among which, is 
one which he tenns a “ Perpetual Sculling Machine,” which consists of a screw of two or 
more blades, similar to the sails of a windmill, and which is to be immerged in the water, 
so that by being turned round by the capstan, or other appropriate machinery, it will 
propel the vessel. Shorter did not projH)sc to give motion to his screw by a shaft passing 
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through the vessel; but a spar was to proceed from any convenient part of the stem of the 
vessel obliquely do^vnward^, until its end dipped into the water, and on the end of the 
spar, which was prevented from dipping too far by a buoy attached to it, the screw was 
to be fixed. The spar being put info revolution, carried the screw round with it, and a 
universal joint, on Hooke’s constniction, was to be interposed at the head of the spar, so 
as to enable it to retain its oblique direction, though turned round by a horizontal shaft. 
The arrangement proposed by Shorter is shown in Jig. 12.; and he states that, by pulling 


Fig. 12. 



tlie guy ropes to the right or left of the spar, the ship may be steered by the influence 
of the screw. The principal object Shorter appears to have had in view, was to enable 
large vessels to be moved slowly in calms by the exertions of the crew ; and he probably 
felt, that a shaft passing though the vessel below the water would have been considered 
objectionable, at that time, for the attainment of an occasional benefit. But he mentions 
also, that his propeller may be driven by a steam engine, and in that case it might have 
been kept in operation continually. Shorter applied one of his screws to the Doncaster 
transport, in 1802, and the result was considered very satisfactory; as, with eight men at 
the capstan, the vessel, though deeply laden, was propelled at the rate of 1^ mile an hour. 
It appears probable that the propeller employed in this case had only a single arm. 
Mr. David Napier, who inspected Shorter’s models many years ago, found that he had screws 
of one, two, three, and four blades, and that he contemplated their application at the bow, 
in the dead wood, and at the sides of the vessel, as might apj)ear preferable in each 
particular case. Mr. Napier informs me, that at a very early period in the history of 
steam navigation, he himself proposed to introduce a screw, but having subsequently heard 
of Shorter’s experiments, he came to London to see his models. An experiment was made 
with a small boat on the Thames, the shaft passing through the stem beneath the water 
line, as in modem screw vessels. The experiment was satisfactoiy, but Mr. Napier 
finding his ideas anticipated, did not procet^d further in the matter. 
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IL DALLERY. 1803. 

On the 23rd March, 1803, the citizen Dallery took a brevet of invention in France for 
an improved propeller. In his arrangement, a screw of two convolutions is applied to a 
vessel at the bow, and another similar screw is applied at the stem. The diameter of each 
screw swells larger in the middle of its length, and the length is equal to twice the pitch. 
There is no evidence to show that this project was ever practically tried, and its mechanical 
details are very crude and inartificial. The screws are turned by endless ropes, and the 
stem screw is affixed to the rudder, and moves therewith. 


JOHN C. STEVENS. 1804. 

In the year 1804, an attempt was made by John Cox Stevens, an American, to realise 
Bramah’s idea of propelling a vessel by means of a submerged propeller at the stem, formed 
in the manner of a windmill or smoke-jack, and driven by a rotatory engine. The rotatory 
engine was not found successful, and it was superseded by one of Watt’s engines, when the 
vessel attained a velocity of four miles an hour. Stevens began his experiments in steam 
navigation in 1791 ; and, during a part of the time, he was assisted by Livingstone, who 
was afterwards Fulton’s coadjutor in introducing vessels propelled by paddle-wheels. But 
his experiments upon the screw do not appear to have been considered satisfactory, as, 
after several trials, the project was abandoned. Part of this bad success may have arisen 
from a deficiency of steam, as the boiler was a tubular one, of a new constmetion and small 
dimensions. For a short distance Stevens could make his boat go at a speed of seven or 
eight miles an hour, and the only material impediment to the maintenance of that speed 
would be a deficiency of steam. 


M. O’REILLY. 1805. 

In the “ Annales des Arts et Manufactures d’O’Reilly" for 1805, vol. xx., a memoir is 
given on the means of superseding the action of the wind, which is a reproduction of the 
scheme of BemouiUi, piihlishcd fifty years before. Eight wheels strung on a shaft at equal 
distances are to be placed on each side of the vessel, and the arms of the wheels are to have 
oblique blades attached to them, by the revolution of which the vessel will be propelled. 
Delisle’s idea of a propeller subsequently propounded is confessedly taken from O’Reilly’s ; 
but Delisle introduced helical blades. 

HENRY JAMES. 1811. 

On the 2fith March, 1811, a patent was taken out by Henry James for improvements 
in the inode of navigating vessels. The chief object of these improvements was to enable 
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vessels to be propelled upon canals, without inconveniently extending the width of the 
vessel ; and the first arrangement specified is a paddle-wheel acting at the stem. But an 
alternative expedient b afterwards described as follows : — “ The oars, paddles, or propelling 
boards, instead of being made as before described, and revolving or turning in the direction 
of the lengthways of the boat or vessel, may be made like to the saib of a windmill or 
smoke-jock, pressing obliquely against the water, somewhat upon the principle of what 
watermen or sailors call sculling." 

RICHAKD TREVITHICK. 1815. 

On the 2 1st November, 1815, a patent was enrolled by Richard Trevithick, of 
Cambrone, Cornwall, engineer, for certain improvements in the high-pressure engine, and 
in its application to useful purposes, in which a mode of propelling vessels by a worm, or 
screw, is comprehended. The screw is to consist of a number of leaves, placed obliquely 
around an axis, like the vanes of a windmill or smoke-jack, and is to revolve with great 
speed, having its axb in the same line ns that in which the vessel moves. The obliquity 
of the thread of the screw, it is stated, admits of considerable variety, according to the 
velocity given to it, and speed required; but, as a general rule, the thread of the screw at 
its outer edge is to make with the axis an angle of 30 degrees. The worm or screw “ is 
in some cases to revolve in a fixed cylinder, in others to revolve together with the cylinder, 
similar to the screw of Archimedes ; but generally to revolve in the water, without any 
cylinder surrounding it. Thb worm or screw may be made to revolve in the water at the 
head of the ship, boat, or other vessel, or at the stern ; or one or more worms may revolve 
on each side of the vessel, as may most conveniently suit the jieculiar navigation in whicli 
the ship, boat, or vessel is to be employed. In some cases, when the screw is to work 
at the head of a ship, it is to be made buoyant, and move on a universal joint at the end of 
an axle turning in the bow of the ship, in order that the screw may accommodate itself to 
the unevenness of the waves.” There is no expedient of propulsion in this patent, of any 
utility, which had not previously been suggested. 


ROBERTSON BCCIIANAN. 1816. 

In 1816, there appeared “A Practical Treatise on Propelling Vessels by Steam, by 
Robertson Buchanan, Civil Engineer, Glasgow," in which work the following passage occurs 
at page 68. “ Experiments have been made on a kind of screw ; but this, I believe, after a 

trial on a considerable scale in America, was rejected. Some mechanics, however, still 
think favourably of it, and suppose that if a screw of only one revolution were used, it 
would be better than where a longer thread is employed." Subsequent experience has 
shown that this anticipation of the benefit of restricting the length of the screw is founded 
upon just views. 
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JOHN JIILLINGTON. 1816 . 

On the 31st July, 1816, a patent was enrolled by John Millington, of Hammersmith, 
civil engineer, for an improved method of propelling vessels by the use of a screw, or by 
forcing air out at the stem, or by the two methods combined, where great speed is required. 
The arms of the screw are to resemble the vanes or sails of a windmill, and the patentee 
states, that he has found “ that two vanes, each extending to about a quadrant of a circle, 
produce a greater effect than any other number.” These vanes are to be made “ to shift on 
their pivots or points of attachment, so as to alter the angle which they make with the 
plane of tlieir motion from 45 degrees to any greater or lesser angle,” according to the speed 
with which they arc moved, or the velocity wanted to bo communicated to the vessel. The 
use of moveable vanes had previously been introduced by Hooke in his screw vanes for 
measuring the velocity of the wind ; and the shaft whicli, in Jlillington’s arrangement, 
carries the screw, is to have a Hooke’s, or universal joint, at the point where it emerges from 
the vessel, to the end that it may be lowered to any depth in the water that may be 
required, or raised out of the water if necessary, — its immersion being regulated by a rope 
hanging from the bowsprit, or from a projecting beam in the situation of the bowsprit, the 
end of which rope is attached to a loose collar on the shaft. Guide-ropes are also applied on 
each side of the shaft, in order that the screw may be pulled sideways to the right or left, and 
the vessel may be steered, or assisted in the steerage, thereby. The upper end of the shaft, 
carrying the screw, is to rise just above the water line ; and, at that level, a short shaft is to 
pass through the ship, the hole being made water-tight by means of a stuffing-box encircling 
a short horizontal shaft, at the inner end of which, as well as the outer, there is to be 
a universal joint, which will prevent the machinery from being incommoded by any working 


Fig - 13 



of the ship. This arrangement is shown in Jig. 13. Millington says, that the screw may 
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cither be worked by horses, or by a steam engine, and that he proposes to apply it “ either 
at the head or stern of the vessel, or at both of them at the same time.” 

BOSWELL AND OTHER& 1815 to 1819. 

Propellers on the principle of an Archimedean screw were patented in America in 1815. 
About 1816, a submerged propeller was proposed by Mr. Boswell, and is described in the 
“ Repertory of Arts ” of that date. Screw propellers are also described in the “ Annals of 
Philosophy” for 1811, and in the “ Edinburgh Philosophical Journal " for 1819. 

NORTON, X.Y. and J.Y. 1823. 

In the first volume of the “ Mechanic’s Magazine,” published in 1823, an account is 
given of a spiral watermill, invented some years previously by John Norton. The spiral, it 
is stated, is only partially immersed, and the water passes it as a nut passes its screw. In 
the 2nd volume of the “ Mechanic’s Magazine,” a correspondent, who signs himself X. Y., 
asserts that twenty years before this time, and therefore about 1804, he had made a spiral 
water-wheel like Norton’s, but did not find it so effectual as the common tide or undershot 
wheels. In the 2nd volume of the “ Jlechanic's Magazine,” p 33., there is a communication 
from a correspondent, J. Y., recommendi g an upright spiral, working in a tube like 
Emerson’s, as the best and cheapest species of water motor for mills. He recommends 
also that wheels on this principle should be set on the sides of a vessel in lieu of puddle 
wheels. 


C.\PTAIN DELISLE. 1823. 


14 . 


In the month of June, 1823, Captain Delisle, of the French Engineers, presented to the 
Minister of Marine a memoir on a mode of propelling vessels by means of a submerged 
screw, resembling some of those previously pro[K>sed ; but the central part of the screw was 
cut away, in the manner shown in /iy.«. 14. and 15., and the helical surface was disjHjsed 
around the outside of the circle, somewhat in 
the manner adopted in Lyttlcton’s arrange- 
ment ; but five threads were em))loyed instead 
of three, and the length of the screw was only 
equal to a fifth of the pitch. This arrange- 
ment of the helical surface, in the case of 
windmills, had previously been suggested by 
Ferguson, in his lectures on Natural Phi- 
losophy. He soys, “ As the ends of the sails 
nearest the axis cannot move with the same 
velocity that the tips or farthest ends do, although the wind acts equally strong upon 
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them, perhaps a better position than that of stretching tiiem along the arms, directly from 
the centre of motion, might be to have them set perpendicularly across the further ends of 
the anns, and there adjusted, lengthways, to the proper angle. For, in that case, both 
ends of the sails would move with the same velocity, and, being farther from the centre of 
motion, they would have so much the more power ; and then there would be no occasion 
for having them so largo as they are generally made, which would render them lighter, 
and, consequently, there would be so much the less friction on the thick neck of the axle, 
where it turns in the wall.”* 

Dclisle’s memoir, addressed to the Minister of Marine, led to no result, and was 
completely forgotten; hut, lately, it lias been raked up by the French Government, to 
furnish a pretext for an evasion of Ericsson’s patent in France, where it has been largely 
adopted. If the French Government had acted upon Delisle’s representations, — if they 
liad built vessels, instituted e.xpcrimcnts, and taken the other steps necessary to perfect 
the system of screw propulsion, and to bring it into practical use, there might be, at least, 
a plausibility in their pretensions. But on what principle of equity can they expect to 
reap the reward of successes, in the realisation of which they had no part whatever, and 
which they, manifestly, deemed of hopeless attainment, since they refused to sanction any 
expenditure to enable them to be achieved ? Before the time of Delisle, propellers shaped 
like windmill sails had frequently been proposed, and it had been explained by Emerson 
and others that, in windmill sails, “ the tangents of the angles ought to be nearly as the 
distances from the centre or, in other words, that the sails of a windmill should have such 
a twist as nearly to constitute them portions of a serew, — though, indeed, windmill sails have 
been made with such a twist from a remote antiquity. The use of helical surfaces 
for propelling, therefore, was not new in 1823, nor was the idea new of disposing these 
surfaces circumferentially; but the practical ada|>tation of the screw as an effectual propeller 
had not at that time been accomplished, and this adaptation and introduction of the screw 
Dclisle did nothing to promote. 


M. MARESTIER. 1824. 

In 1824, a memoir, by M. Maresticr, on the steam vessels of America, was published 
by the direction of the French Government, and arrangements for the propulsion of a vessel 
by a screw of several convolutions, are there exhibited. In one of these arrangements the 
liottora of the vessel is raised upwards, in an arch, from stem to stern, and in this arch a 
screw, or helix, nearly of the length of the vessel, is placed. In another arrangement, 
two helical feathers are placed in the central channel of a twin boat, and these helical 
feathers or screws are turned in opposite directions by means of gearing. 

* FerguAon’s Lectures on Select Subjects, p. S4. London, 1776> 
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M. BOURDOX. 1824. 

In 1824, a brevet of invention was taken out, in France, by M. Bourdon, an engineer 
in that country, for propelling vessels by means of a screw, and this screw was to be made 
with an expanding or increasing pitch. A company was formed to carry' out M. Bourdon’s 
invention, and it was introduced into a steam vessel on the Rhone, but was subsequently 
abandoned. 


M. DOLLMAX. 1824. 

On the 20th November, 1824, a brevet of invention was taken out in Franco by 
M. Dollman, for an arrangement of “ revolving oars suitable for navigation,” described in 
the“Recueil des Brevets expires,” vol. xl., p. 126. Two concentric axes turning in 
opposite directions, and each bearing two blades, inclined at an angle of 45 degrees with the 
keel, are placed at the stern of the vessel, and by the revolution of these blades in opposite 
directions the vessel is propelled. This plan seems to be almost identical with that 
of Perkins, jiatented in the same year and enrolled in February 1825, except that in 
Perkins’ arrangement the blades were twisted, whereas in Dollman’s the blades appear 
to be flat. 


JACOB PERKIXS. 1825. 

On the 9th February, 1825, Jacob Perkins, of London, engineer, enrolled a patent for an 
improved method of propelling vessels, the general arrangement of which is shown in jig. 16. 
At the stem of the vessel is placed two 
blades, or arms, resembling the vanes 
of a windmill, and these double blades 
arc placed one before the other, and 
are only partially immersed in the 
water. Each blade has an angle of 
45 degrees with the shaft at the 
centre, and 22^ degrees at the cir- 
cumference, and the obliquities run in 
opposite directions, — the one in the 
manner of a right-hand screw, and the 
other in the manner of a left-hand 
screw. The shaft of the pair of blades 
next the vessel is hollow, and the shaft of the other pair passes through it; and each pair of 
blades is turned in opposite directions by appropriate mechanism. The object of this 
arrangement is to keep the vessel steady, and to neutralize any propensity which one pair 
of blades, or one screw, might have to turn the vessel round. The blades arc hung in a 
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frame, which muj’ be raised or lowered to suit the varying iintncrsions of the ship. On the 
2nd July, 1829, Perkins obtained another patent, for improvements on the foregoing ; in 
which he placed one propeller-wheel over each side of the vessel, the shafts running 
obliquely forward, and meeting at an angle of 45 degrees in the middle of the deck. Some 
e.xpcriments with a vessel, propelled upon this plan, arc recorded in the Journal of the 
Franklin Institute, and the result apjjears to have been satisfactory. 

SAMUEL BROWN. 1825. 

In the year 1825, a company, which had been formed for carrying into operation 
Mr. Samuel Brown’s project of a gas vacuum engine, oflfered a reward of 100 guineas for 
the best suggestion for propelling vessels without paddle-wheels, and the reward was gained 
by Mr. Samuel Brown, who projxised to accomplish the desired object by a screw, placed in 
the bow of the vessel. The company having determined to carry out this idea, a vessel was 
built and fitted with a screw ; and, with this vessel, a speed of six or seven miles an hour is 
said to have been attained. The project of the application of a screw, however, having 
been subsidiary to the introduction of the gas vacuum engine, and the gas vacuum engine 
having failed, the screw participated in the discredit of the miscarriage : the company was 
broken up, and the scheme was abandoned. 

THOMAS TREDGOLD. 1827. 

In the first edition of Tredgold’s “ Treatise on the Steam Engine,” published in 1827, 
some remarks are made upon the screw as a propeller for steam vessels; and it is related 
that a screw, working in a cylinder, had been proposed by Mr. Scott, of Onniston, and that 
two screws, working in opposite directions, had been tried by Mr. W'hytock, as mentioned 
in Brewster’s “ Philosophical Journal,” vol. ii. p. 39. Trcdgold goes into a mathematical 
investigation to show the impropriety of using screws of many convolutions, — a doctrine 
previously suggested by Buchanan ; and he also indicates, as Emerson before had done, the 
b<;nefit of making screws with an expanding or increasing pitch. He says, “ A second 
revolution, at the same angle, could have very little action, because the water would have 
acquired all the velocity the spiral could communicate. If it be continued, therefore, it 
should be made with a decreasing angle.” 

COLONEL MACERONL 1827. 

In the year 1827, Colonel Maceroni submitted a plan of a screw propeller to the Duke 
of Clarence, afterwards William the Fourth, and at his desire the project was examined by 
Admiral Sir Edward Owen, but was rejected, mainly on account of the great velocity at 
which it was maintained the screw must revolve. Some of the correspondence which took 
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place in connection with Colonel Moceroni’s application, is given in the 31st volume of the 
“ Mechanic’s Magazine,” p. 22G. 

CHARLES CUMMEROW. 1629. 

On the 10th June, 1829, a patent was enrolled by Charles Cummerow, of Lawrence 
Pountney Lane, London, merchant, for improvements in propelling, communicated by a 
foreigner residing abroad. These improvements consist of a variety of arrangements 
for applying a screw in the propulsion of vessels, and the screw is to have a single thread of 
one circumvolution, the proportion of the pitch to the diameter being as one to two. In the 
case of sea-going vessels, the screw is to be fixed at the stern, in the manner suggested by 
Bramah and other preceding inventors; but the rudder, instead of being fixed to the bow 
or set before the screw, is to be fixed to a false stem-post abaft the screw, which false 
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Btcrn-{)oat is to be connected to the ship by aj)propriate frame-work. The propeller shaft, 
where it passes through the ship, is to be encircled by a stuffing-box, which is to be kept 
tight by means of tallow. The specification of this patent is very illiterate and obscure, 
having been apparently drawn up by a foreigner imperfectly acquainted with English ; and 
it is full of mis-spelled words and unintelligible phrases, which sometimes make it difficult 
to determine the meaning. The general arrangement, however, is shown in Jigs. 17, 18, 
and 19., and the only novelty is in placing the screw in a framework built on to the ship, 
to the end of which framework a rudder is affixed. 

WILLIAM CHUKCH. 1829. 

On the 15th October, 1829, a patent was taken out by William Church, of Haywood 
House, near Birmingham, for improvements in the mode of propelling vessels. These 
improvements consist in the use of two wheels, Jigs. 20. and 21., revolving in opposite 
directions, as previously proposed by Per- 
kins ; but instead of two blades being 
attached to each shaft, a number of bent 
puddles, placed upon cylindrical rings, were 
to be employed, in the manner proposed by 
Delisle. These bent paddles were to be set 
in opposite directions, and might be placed 
within a fixed cylinder. Church does not 
say whether his propeller was to be placed 
at the bow or stern, or whether it was to 
be totally or only partially immerged, or whether it vras to be a helix or any other curve ; 
and the different view given of the propeller do not correspond with one another. 

BENJAMIN M. SMITH. 1829. 

On the 20th November, 1829, a patent was granted to Benjamin M. Smith, of 
Rochester, New York, in America, for a new way of propelling vessels by the application of 
sculling wheels, or screw-propelling wheels, at the stem. The wheels arc made with six 
blades, like the vanes of a smoke-jack, and one is placed on each side of the stern — the two 
revolving in opposite directions. This arrangement of propelling wheels has since been 
introduced by Ericsson for propelling barges on the canals and rivers of America, and is 
found to act in a satisfactory manner. 

CAPTAIN BASIL HALL. 

Hooke, in 1684, showed, that the galleys of the ancients were propelled by an action of 
the oars more resembling sculling than rowing, and he also pointed out the eligibility of 
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that mode of propulsion. Captain Basil Hall, in the account of his voyage to Loo Clioo, 
states that the Coreans scull their ships instead of rowing them ; and he adds that he 
considers the action preferable to that of oars. 

JOSIAH COPLEY. 1830. 

On the 22nd May, 1830, a patent ^vas granted to Josiah Copley, of Pennsylvania, in 
America, for a submerged propeller for ships, and which he denominates a “ spiral 
propeller.” To a shaft to which a rapid rotatory motion is imparted, a number of vanes are 
affi.xed ; and these vanes, by their reaction upon the water, are to propel the vessel. Eight 
or any other number of vanes may be employed, and they are to form “ segments of 
spirals." The instrument is also proposed to be employed for driving machinery by placing 
it in a current. The patentee says that proposals for propelling vessels by an instrument of 
this kind have been made at different times, but that in every case the attempt to introduce 
such propellers has been unsuccessful. The cause of the previous miscarriages, however, 
he says he has discovered, and believes that, by the use of his propeller, the desired success 
will be attained. Experience has shown these views to be just, for many of the screw 
propellers now in operation are nearly identical with that which Copley prescribed. But it 
does not appear that he contributed in any material degree to bring the screw propeller into 
practical use, and, therefore, though a judicious, he was not a benfficial inventor. 

HEKUY OVINEL. 1830. 

On the 1st October, 1830, a patent was granted to Henry Ovinel, of New York, in 
America, for a mode of propelling vessels. He proposed to place spiral wheels in tubes 
stretching along each side of the boat, from near the bow to the stern, or one tube might be 
placed under the vessel’s bottom. This is a retrogression, being a less eligible arrangement 
than several of the plans patented before. 

FELIX PELTIER’S EXPANDING PITCH. 1830. 

On the 1st October, 1830, a patent was granted to Felix Peltier, of New York, for an 
instrument for propelling vessels through the water. This instrument is a screw, which is 
to work in the water in the manner in which a screw works in a nut ; and the patentee 
claims as his invention this species of propeller, “ whether it be formed of a single spiral 
wound round a solid arbor, and cutting it constantly at equal angles, or whether its 
inclination vary, and whether the spiral be of one and the same breadth throughout, or vary 
in its several dimensions, measured from the arbor." In other words, the patentee claims 
the use of the screw, whether formed with a uniform pitch like Smith’s, or with a varying 
or increasing pitch like Woodcroft’s, or with an enlarging diameter like Rennie’s, which is 
described by winding a straight line on a cone. 
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CLARK WILSON’S EXPANDING PITCH. 1830. 

On the 1st of October, 1830, a patent was granted to Clark Wilson, of New Hampshire, 
in America, for an improved water-wheel, or pro]>eller, for giving motion to mills. This 
wheel is to have leaves like the leaves of a smoke-jack, but the leaves on the upper portion 
of their faces arc to have a less inclination with the axis than on the lower portion of their 
faces; or, in other words, they are to be made with an expanding or increasing pitch from 
their lower edges upwards, and the curve is to be such that, where the water leaves the 
wheel, the faces of the leaves are nearly horizontal. This is the principle of the increasing 
pitch subsequently patented by Woodcroft and others. 

M. SALICHON. 1831. 

On the 21st June, 1831, a brevet of invention was taken out in France, by M. Salichon, 
an engineer, for “ a new system of navigation, in which one may make use of every kind of 
screw." He says, the screw which he proi»ses to employ is the common one, “ invented by 
Architas 400 years before our era ; ” and he describes the mode of applying it in the 
bow of the vessel, where it is to be driven by a shaft passing through a stuffing-box, in 
the manner previously adopted by Sir Samuel Brown ; or it may be applied in the stern, in 
the manner suggested by Bramah and other inventors. 


BENNET WOODCROFT. 1832. 


On the 20th September, 1832, a patent was enrolled by Bcnnet Woodcroft, of 
Manchester, printer, for “ improvements in the construction and adaptation of a re- 
volving spiral paddle, for propelling boats and other vessels on water.” In the drawings 
accompanying this specification, of which a specimen is given in figs. 22, 23, and 
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24., various screws, of several convolutions, are represented as applied to the stern and 
sides of a ship ; but the main feature of the arrangement is, that 24 , 

the spiral feather shall be coiled round tlie shaft, or sup|)orting 
cylinder, “ in such form, that the angle of inclination which 
the worm makes with the axis of the cylinder continually de- 
creases, and the pitch or distance between the coils or revolu- 
tions of the spiral continually increases, throughout the whole 
length of the shaft or cylinder.” This is the principle of the 
expanding or varying pitch, — enunciated long before by Kmerson, 
introduced into practice in France by Bourdon, in 1824, re- 
commended for adoption by Trcdgold, in England, in 1827, and 
patented in America in 1830 ; so that this principle was not a 
novelty at the time Woodcroft’s patent was taken out. 
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C-4.PTAIN J. POOLE. 1832. 

In the “Mechanic’s Magazine,” vol. xviii., p. 141. (December 1 . 1832), a com- 
munication appears from Captain J. Poole, illustrative of the practicability and advantage of 
propelling vessels by means of submerged wheels, armed with vanes resembling the vanes of 
a windmill ; and Captain Poole states, that, two years before, he had sent to the 
Philosophical Society of Mauritius a model of a steam boat propelled on this principle, 
which is simply the principle of sculling. He proposes to place one propeller at the bow, 
and another at the stern, on shafts penetrating the vessel, and he enumerates the following 
advantages as incident to the system: — The propelling apparatus remains efficient whether 
the vessel is much or little immersed ; a rolling action of the vessel will not disturb the 
action of the propellers, and a pitching action will at least leave one of them in the water ; 
and, finally, in a war steamer the propelling machinery will be out of the reach of sliot. 


M. SAUVAGE. 1832. 

In the “ Recueil des Brevets expires,” vol. Ixiv., p. 242., plate 19., there is an account 
and representation of a plan of propelling vessels by one or more Archimedean screws, 
for which a brevet of invention was granted to M. Sauvage in 1832. Sauvage proposed to 
place a spiral blade on each side of the vessel ; or for pleasure or river vessels, he proposed 
to place a single spiral blade at the stern. 


SCREW WATER-MILL UPON THE MISSISSIPPI. 1833. 

In the “ Mechanic’s Jlagazine,” vol. xxx., p. 450., a description is given of a screw 
water-mill upon the Mississippi, which, at the time of the writer’s visit to that locality in 
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1833, had then been recently erected. In this mill the prime mover is a screw like a cork- 
screw, made of oak, which floats in the water of the river, and is turned round by 
the current. The screw in its revolution turns round a ebain of jointed rods, which 
communicates with the millwork in the manner of a flexible shaft. The writer says that 
the same sort of machine is used for towing or warping vessels out of tlte Mauritius harbour 
against the trade winds, sometimes driven by the force of the current, and at other times 
worked by men mth a windlass or handle in a boot. As the population on the banks of the 
Mississippi where this mill is situated arc principally French, he thinks it probable that it 
is from the Mauritius that the idea has been derived. 

J. B. EMERSON. 1834. 

On the 8th March, 1834, a patent was granted to J. B. Emerson, of Now York, 
for improvements in the steam engine and improvements in propelling. Emerson’s pro- 
peller fbr vessels consists of a wheel with spiral blades, which is submerged beneath the 
water at the stem, and the propeller shaft pierces the stern post, and a false stem post is 
also employed. The propelling blades or plates are supported by arms and encircled by 
rings, as in the plans of Delisle and Ericsson. 

WILLIAM BURK, 1834. 

On the 2nd December, 1834, a patent Avas granted to William Burk, of Pennsylvania, in 
America, for a screw for propelling vessels. This screw is to wind round the shaft two, 
three, or more times, and may be applied at either end, or at both ends, or both sides, or in 
the middle of the boat, as may be preferred. 

ISAAC TIIEAL, 1834. 

On the 23rd of December, 1834, a patent was granted to Isaac Theal, of New York, 
for an arrangement of screw propeller. An Archimedean screw, immersed in the water, is 
to be placed on each side of the vessel, and it is stated that one fifty feet long may be ten 
feet diameter. This patent is described in the “ Mechanic’s Magazine " for 1835, vol. xxiii., 
p. 447. 


JOHN L. SMITH. 1835. 

On the 18th September, 1835, a patent was granted to John L. Smith, of South Carolina, 
in America, for an improvement in propelling vessels. The propeller is to be a screw or 
some other equivalent instrument ; but the vessel is to bo formed with a cavity to receive 
the propeller, by giving to the after end the form of a twin boat from about midships to the 
stern ; the fore part, from about midships to the bow, being of the ordinary shape. Various 
proposals for constructing screw vessels upon this plan have been made since this time. 
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EDWARD P. FITZPATRICK. 1835. 

On the 23d November, 1835, a patent was granted to Edward P. Fitzpatrick, of New 
York, for an improved form of spiral propeller for propelling ships. The shaft of this pro- 
peller is to swell in the middle so as to resemble two cones united at their bases, and the 
spiral thread wound round it, is also to be wider at the middle than at the ends. 

ARETUS A. WILDER. 1836. 

On the 8th March, 1836, a patent was granted to Aretus A. Wilder, of Genesse county, 
New York, for on open screw wheel for propelling vessels. An account of this screw wheel 
is ^ven in the “ Journal of the Franklin Institute,” vol. xviii., p. 321. ; and from this account 
the following is extracted : — “ The open screw wheel is to be made by floats upon a long 
shaft forming an interrupted spiral ; and this is claimed, with its application to the pro- 
pelling of steam, canal, and other boats.” 

WILLIAM HALE. 1836. 

On the 22nd March, 1836, as also in 1827 and 1830, patents were taken out by William 
Hale, of Greenwich, dvil engineer, for a method of propelling vessels by forcing water out 
at the stem, and, in some of the arrange- 
ments, a screw acting within the vessel was 
employed to force out the water ; but, as this 
screw only acted in the manner of a pump, 
the plan can scarcely be comprehended 
among expedients for screw propelling. This 
method of propelling had been proposed 
nearly two centuries before by Toogood, 
and had been tried by Rumscy, an American, 
in 1788, and subsequently by Linaker, Lillcy 
and Frazer, and others, but without success ; 
owing, probably, to the dimensions of the 
discharging orifice being too small, which 
caused a waste of power by slip. One of 
the arrangements proposed by Hale is 
shown in Jig. 25. 

FRANCIS PETTIT SMITH. 1836. 

On the 31st May, 1836, a patent was taken out by Francis Pettit Smith, of Hendon, in 
the county of Middlesex, farmer, for an improved propeller for steam and other vessels, which 
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improved propeller is stated “to consist in a sort of screw or worm, made to revolve rapidly 
under water, in a recess or open space formed in that part of the after part of the vessel 
commonly called the dead rising or dead wood of the run.” In the drawings accompanying 
the specification, a screw of a single thread, and of more than one convolution, is represented ; 
but it is stated that a screw of not more than one convolution may be employed, and that 
the threads may have any required angle with the shaft of the propeller. The patentee 
claims the use of screws, “ whether arranged singly, or in an open space in the dead wood, 
as here shown {figs. 26, 27, 28, and 29.), or in duplicate, with one on each side of the dead 
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Figi. 26. and 29. 



wood, or otherwise placed more forward or more aft, or more or less deep in the water;” 
but, on the 30th April, 1839, he entered a disclaimer, limiting his claim to the use of a 
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single-threaded screw of one convolution, or a double-threaded screw of half a convolution 
(Jigs. 30, 31, and 32.), introduced into the centre of the dead wood. Smith’s double- 


Figs. 30, $1, asd 32. 





threaded screw is the form of screw most commonly adopted in this country ; but, instead of 
half a convolution, about one-sixth of a convolution is found to give the best result; but the 
length to give a maximum performance will, in some measure, depend on the kind of vessel 
to which the screw is applied. 


JOHN ERICSSON. 1836. 

On the 13th July, 1836, a patent was taken out by John Ericsson, of London, 
engineer, for an improved propeller applicable to steam navigation, which propeller is 
described as consbting of “ two thin broad hoops, or short cylinders, made to revolve in 
contrary directions round a common centre, each cylinder or hoop moving with a different 
velocity from the other; such hoops or cylinders being also situated entirely under the 
water at the stem of a boat, and furnished each with a series of short spiral planes or plates, 
— .the plates of each series standing at an angle the exact converse of the angle given to 
those of the other series, and kept revolving by the power of a steam engine." The general 
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arrangement of the propeller prescribetl by Ericsson, is shown in figs. 33. and 34., and the plates 
are to be “ coiled round the cylinder spirally, like the thread of a screw,” — a large figure of 



a screw being appended to the specification, to show that it is a segment of a screw of several 
threads, that is intended to be employed. Ericsson’s propeller has been found very 
successful in practice, and it is the kind of screw most used in France and America. The 
cylinders to which the blades are attached, are not otherwise important, than as serving for 
the attachment of the blades without filling up the centre of the screw with a multitude of 
arms; but the outer cylinder or ring may be useful, in some cases, in preventing the 
entanglement of ropes or ice by the propeller. In some cases, Ericsson makes use of two 
screws, ' one behind the other, as shown in the figure. In other cases, he makes use of 
two screws side by side, one being placed in each quarter ; but, in the generality of cases, he 
uses a single screw of a number of threads placed before the rudder in the stern. In some 
of its general features, Ericsson’s plan resembles the previous arrangements of Perkins and 
Church ; but Ericsson’s propeller is completely submerged, and is so complete in its 
mechanical details, that, when tried, it was at once found to be efficient. The purpose of 
causing the hinder screw to revolve at a swifter velocity than the other, is to enable it to act 
upon the water which has been already set in motion, and thereby secure the advantages of 
an increasing pitch. But this object is not important, since an equally augmented reaction 
may be obtained by somewhat increasing the diameter of the first screw. 


JESSE ONG. J837. 

On the 23d May, 1837, a patent for a new mode of propelling boats ivas granted to Jesse 
Ong, of Pennsylvania. This propeller has two wheels, with the shaft of the one passing 
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through the centre of the other, and is, in fact, the same as Ericsson’s, which was patented 
in England in July, 1836, but in America, only in February, 1838. The editor of the 
“ Franklin Journal,” in his notice of Ericsson’s patent in 1838, says, that Col. Stevens, of 
Hoboken, had, in 1805, informed him that he had tried such wheels in the stem of a boat, 
first using a single wheel in the centre. The tendency of the boat so tried was to move in 
a circle ; a result imputed to the lessened resistance as the vanes rose to the surface, in con- 
sequence of the greater ease with which the water there was moved out of the way. Sub- 
sequently two wheels were tried side by side revolving in reversed directions ; but the effect 
not being deemed equal to that which had been hoped for, the thing was abandoned. Ong's 
patent is described in the “ Mechanic’s Magazine for 1839,” vol. xxix. p. 143. 

JAMES LOWE. 1838. 

On the 24th September, 1838, a patent was enrolled by James Lowe, of London, 
mechanic, for improvements in propelling vessels, of which improvements only one is 
described, and that consists in the use of one or more curved blades, set on a revolving 
shaft below the water line, those curved blades being of such a form, that, if continued, 
they would produce a screw. The form and 
arrangement of these curved blades are shown in 
jigs. 35, 36, 37, and 38., — the arrangement with 
four blades being' alleged to be the best. The 
patentee states that he is aware segments of a 
screw had been previously patented by Edward 
Shorter, and that he does not claim, therefore, 
the application of curved blades generally ; but 
that, inasmuch as Shorter’s propellers were car- 
ried by outriggers over the bow of the vessel, 
and his are carried by a shaft lying below the 
water line, which pierces through the vessel, he 
claims the use of one or more curved blades, 
on shafts or axes, below the water line. It is 
clear, however, that this claim can in nowise 
be substantiated, since, in the arrangements of 
Bramah, Stevens, Brown, and Ericsson — all 
of previous date — curved blades, forming but a 
small part of a complete convolution of a screw, 
were employed, in conjunction with shafts or 
axes, below the water line ; and there was no novelty, therefore, in such a combination 
at the time this patent was taken out. 


Figt. 39, 36, 37, ud S3. 
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JOSEPH J. O. TAYLOR. 1838. 

On the 1st May, 1838, a patent was taken out by Joseph Jephson Oddy Taylor, of 
London, machinist, for an improved 
mode of propelling ships and other 
vessels. Mr. Taylor’s invention, which 
is represented in figs. 39. and 40., is 
described as consisting of two blades, 
set on an axis, placed in the run or 
dead wood, and acting in the manner 
of a screw ; but the blades are flat 
instead of helical, being like the blades 
of an oar, instead of having a curve, 
or twist, like the screw. 

A method is also claimed of 
shipping and unshipping the pro- 
peller by the aid of a sliding-frame, or sash, guided by vertical grooves cut in the true 
and false stem posts, and in which frame the propeller is placed. By drawing the driving 
shaft inward through the stuffing-box, the frame and screw can be drawn out of the water, 
and either rested on deck or placed in a boat alongside. 

FREDERICK E. FRAISINET. 1838. 

On the 26th July, 1838, a patent was taken out by Frederick Edouard Fraisinct, 
of Westminster, for improvements in the machinerj' for propelling vessels by steam. 
This patent prescribes the use of a revolving propeller on each side of the vessel, 
formed in the manner of a screw, — an arrangement contemplated by most of the preceding 
inventors ; but these screws are to have the central portions cut away, as recommended 


Fig . 41. 
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by Fergusson, Delisle, and Ericsson, and are to be formed with an increasing pitch, as 
pre^dously suggested by Emerson, Bourdon, Trcdgold, and Woodcroft. The proiiellcrs 
are to be put into revolution by bevel gearing, and the general arrangement, in which 
there is nothing very novel or advantageous, is represented in Jig. 41. 

CAPTAIN SMITH, RN. 1838. 

On the 13th November, 1838, a patent was taken out by Captain George Smith, 
of the Royal Navy, for improvements in vessels to be propelled by .steam, or other 
power, and in the construction and arrangement 
of the machinery for propelling. One of the 
improvements Captain Smith describes is the 
paddle-bo.x boat, which some years since obtained 
considerable introduction ; but the main im- 
provement is a method of projielling — the general 
nature of which will be understood by a refer- 
ence to Jig. 42. There are to be two propellers, 
each of which differs little from that of Joseph 
Taylor, being formed of flat surfaces, set at a 
suitable inclination with the driving shaft, but 
the inclination of the one surface is to be the 
reverse of the other; and these propellers are to 
be set one before the other in the dead wood, and are to be turned ^vith the same velocity in 
opposite directions, as in Perkins’ and Church’s arrangements. 

PETEK TAYLOR. 1838. 

On the 1st December, 1838, a patent a\’os taken out by Peter Taylor, rope merchant, 
of Birching Bower, Lancashire, for improvements 
in machinery for propelling, in which, among a 
number of other projects obscurely described, is 
included the arrangement of screw blades repre- 
sented in Jig. 43. The main peculiarity of this 
arrangement is, that by an appropriate connection 
between the shafts, the arms of one screw are 
made, in its revolution, to fall into the spaces 
intervening between the arms of the other screw ; 
and the two screws thus work in a smaller space, 
without the arms striking one another. The 

screws are to revolve in opposite directions. ntra tatuh'i acunr rsorujuuiL 

F 



Fig. 42. 
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THOMAS JACKSON. 1839. 

On the 1 8th January, 1839, a patent was granted to Thomas Jackson, of Pennsylvania, 
for a method of propelling canal boats. He places two wheels in the centre of the stern, as 
in Ericsson's arrangement, but applies a dead wood to prevent the entanglement of ropes, 
and to fend off the screw from the sides of the canal. Shorter, however, in 1800, the 
Brothers Bourdon, in France, in 1824, and various other persons after that date, proposed 
to place the screw in the dead wood, so that such a disposition of it could be no novelty 
in 1839. 


MR. TVEDDELL. 

In the “ Mechanic's MagaEine ” for 1839, vol. xxx., p. 82., a letter appears from Mr. Bad- 
dcley, in which he states, that, by a communication he had lately received from Sir J. 
Kobison, it appeared that a propeller, similar to Joseph J. 0. Taylor’s, patented in 1838, 
and described at p. 25. of the present work, had, many years before, been tried by Mr. 
Weddell, of Leith. Mr. Weddell was a ship-builder, who, having realized a large fortune 
in India, subsequently expended much of it in scientific pursuits, and he had fitted a vessel 
with a propeller, resembling Shorter's, with which he had made a voyage to the coast of 
Africa. The conclusion, however, at which he arrived, as the result of this experiment, 
was, that paddle-wheels of largo diameter and little dip hod greater propelling efficacy than 
a screw. 


JOHN COOPE HADDAN. 1839. 

On the 22nd January, 1839, a patent was token out by John Coope Iladdan, civil 
engineer, London, for improvements in propelling vessels, of which the princiiml is a 
screw, or helical blade, so made as to be supported by arms at some distance from the 
screw shaft, to the end that the central part of the screw may be as much an open space 
as the necessity of giving adequate strength to the arms will pennit. This screw u 


Figt- 44. and 4.5. 



shown in jigs. 44. and 43. The idea of disposing the propelling surface at a distance 
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from the shaft, had previously been propounded, or put in practice, by Fergussoii, Delisle, 
Kricsson, and Fraisinet. 


GEORGE RENNIE, F.R.S. 1839. 

On the 26th November, 1839, a patent was taken out by George Rennie, of London, 
civil engineer, for improved methods of propelling vessels. Of these improvements, one 
consists of a new species of screw, which Jlr. Rennie terms a “ Conoidol Propeller,” being 
fonned by winding an inclined plane upon a cone, or spire, whereas the helix, or ordinarj' 
screw, is formed by winding an inclined plane upon a cylinder. In the common screw, the 
angle which the helical feather, or arm, makes with the screw shaft, is different at every 
point in its length, each arm being so twisted os to be nearly in a line with the shaft 
towards the centre, and more nearly at right angles with it towards the circumference. 
A corkscrew stair, which is a familiar example of a helix, is much steeper near the 
centre of the tower than at the outer wall ; and if a line were to be traced, spirally, 
upon a corkscrew stair, beginning near the inner end of the steps, at the top of the tower, 
and gradually inclining towards the outer end as the line comes nearer the ground, 
it is obvious that the upper jiortion of this line w'ould be much steeper than the lower 
portion, or, in other words, it would be a curved, and not a straight line. A curved 
line, therefore, wound upon a cone, forms a helix, and, if this be so, a straight line 
wound ujion a cone cannot form a helix ; and if the steps of a corkscrew stair be formed 
in such a manner that the same amount of steepness which obtains near the inner end 
of the steps at the top of the tower, is continued down the spiral line to the outer end pf 
the steps at the bottom of the tower, then it is certain that the pitch of this corkscrew 
stair must be an increasing one from the top to the bottom. Now in Mr. Rennie’s 
propeller, which is an inclined plane wound upon a cone, the steepness is unifonn 


46. ami 47. 



throughout, and therefore his propeller is a screw with an increasing pitch. In the 
previous projects of Emerson, Bourdon, Trcdgold, and Woodcroft, for forming screws 

r 1 


Digitized by Google 


36 


HISTORICAL ACCOUST OF THE SCREW PROPELLER. 


with an increasing pitch, the intended configuration was given by winding a curved 
line round a cylinder. Mr. Rennie accomplishes the same object in a diflFercnt manner, 
namely, by winding a straight line round a cone, and the steepness of the cone will 
determine the amount of variation in the pitch of the screw. Instead of the ordinary 
cone, Mr. Rennie appears to give the preference to the logarithmic cone, or spire, represented 
in Jiffs. 46. and 47., as being the most suitable for bis purpose; and, besides the more 
obvious benefits of this form of propeller, he considers that from the gradual way in 
which the oblique edge of . the spiral feather separates the water, there -will be a less 
ivastc of power than in ordinary screws upon the cutting edge. The edge of an ordinary 
screw resembles a straight sword, whereas the edge of Mr. Rennie’s screw more nearly 
resembles a scimitar, in its mode of operation. It does not appear that Mr. Rennie’s 
propeller has been much employed in practice, and probably it will require such 
adjustments as experiment usually suggests in the case of new devices, to enable it to 
realise as good a performance as arrangements of older standing and more mature gro>vth. 
But in Mr. Rennie’s plan there is, I consider, the ground-work, at least, of a very efficient 
propeller, and the general conceptions out of which it has arisen are marked both by 
originality and refinement. 


GEORGE HUNT. 1839, 

On the 25th November, 1839, a patent was taken out by George Hunt, of Greenwich, 
engineer, for steering a screw vessel by means of the screw itself, whereby the rudder 
might be dispensed with. This object is proposed to be accomplished by placing the 
screw in a frame at the stem, of such a constraction as to be moveable in the same manner 
as a rudder ; and by turning this frame to the one side or the other, the reaction of the 
screw will steer the vessel. There is nothing novel in this idea. Shorter, in 1800, 
proposed to steer the vessel by means of the screw; and Dallery, in 1803, placed one of 
his screws in the rudder, so that it turned with it. Trevithick, also, in 1815, and 
Millington, in 1816, proixised to steer, or aid the steerage of the vessel, by moving the 
screw out of the line of the keel. The general 
arrangement proposed by Hunt for his propeller, 
is represented in fiff. 48. Four blades, like the 
arms of a windmill, are attached to one another, 
so as to form a four-bladed propeller, and this 
propeller is hung upon a vertical pipe, jointed to 
the stern in the manner of a rudder. Through 
this pipe a vertical shaft descends, which is 
worked by the engine ; and the propeller, which 
is supported on a short horizontal shaft, is turned 
round by bevel gearing, enclosed in a box at the 
centre of the shaft. This plan, though judicious 
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in some of the details, has not come into use, and there is little probability that, ns a 
propeller, the arrangement will meet with any considerable adoption. 


BENJAMIN D. BEECHER. 1839. 

On the .31st December, 18.39, a patent was granted to Benjamin D. Beecher, of Connec- 
ticut, in America, for improvements in propelling, the main peculiarity of which is, that he 
employs two screws set in the cutwater. 


CAPTAIN CARPENTER. 1840. 


On the 13th June, 1840, a patent was taken out by Edward John Car[)enter, 
commander in the Royal Navy, for improvements in the application of machinery for 
assisting vessels in performing certain evolutions upon the water. These improvements. 
Captain Carpenter informs me, consist in the peculiar form of the propellers, represented 
by Jigs. 49. to 57., which he claims as his invention, in whatever position they may be 
placed in a vessel. Pigs. 49. and 52., Captain Carpenter asserts, arc sections of screws. 


Figt. 49, so, SI, S2, S3, S4, SS, S6, ud S7. 




CATTAIX CARrXSTia'g TBOrCLLERA. 


while Jigs. 50, 51. 53, 54, 55, and 56., are planes or flat blades ; but it appears to me, by a 
reference to the specification, that the arms of Jig. 49. are planes. Captain Carpenter 
proposes to use these propellers, either on the quarters or at the stem, or in the dead wood, 
or Jigs. 53, 54, 55, and 56., may be set in a hanging frame, abaft the rudder, — the rudder 
being in such case formed with an oval eye, to permit the propeller shaft to pass through it. 
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MILES BEIUIY. 1840. 

On the Mth August, 1840, a patent was taken out by llilcs Berry, of London, 
patent agent, for improvements in the arrangement, construction, and mode of applying 
apparatus for propelling vessels, being a communication from a foreigner abroad. The 
nature of the arrangement ■null lie at once understood by a reference to jig. .58. Two 
screws are placed at an angle with 
one another, in the bow of the 
vessel ; and it is supposed that the 
action of these screws, in sucking 
away the ^vater from the bow and 
discharging it at the sides, will faci- 
litate, to an unusual extent, the 
progress of the vessel. The screws, 
which are somewhat of the shape 
suggested in 1803, by Dallery, are 
only partly immerged, and the pro- 
ject is exceedingly crude and in- 
artificial. Such rough-hevm ideas 
ought not to be able to obtain the 
sanction of a patent at all, for such patents obstruct improvement instead of advancing it. 
To justify the acquisition of a p.atent, merit should exist, and labour should be bestowed, 
so that a useful step of improvement may reasonably be expected ; and an army of 
undeveloped and barren schemes bars the jiath of progress, since a step cannot be taken 
without some forgotten patentee starting up to contend for the rewards which properly 
belong to the useful practical inventor. It is not to the persons who dream about im- 
provements that patents should be conceded, but to those who actually bring such im- 
provements into beneficial operation ; and all patents ought to bo held invalid which are 
not brought into beneficial use within a reasonable time. 

HENKY IVIMSHURST. 1840. 

On the 2nd November, 1840, a patent was taken out by Henry Wimshurst, of 
Limehouse, shipbuilder, for improvements in steam vessels, in communicating motion to 
the propellers of screw vessels, and in shipping and unshipping the propeller. The 
patentee prescribes the use of a post, which he calls a “ body post,” carried up before 
the opening in the dead wood, from the keel to the main or upper deck, and to this 
post, he says, if the rudder were carried away, a temporary rudder could be hung. The 
propeller is to be shipped or unshipped by the aid of endless chains passing into the 


Fig. ss. 
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water at the stern, and the motion of the engine is to be communicated to the screw 
by a combination of straps and gearing. 


GEORGE BLAXLAND. 1840. 

On the 28th November, 1840, a patent was taken out by George Blaxland, of 
(jreenwich, engineer, for an improved method of propelling. This improvement consists 
in the use of one or more inclined planes (a a, Jig. 59.) attache<l to a revolving axis at 
tlic stem of the vessel, after the fashion of the previous arrangements of Bernouilli *, 


Ftgt. M. and 60. 



Bramah, Taylor, and Captain Smith; or a succession of inclined planes, bent to a circle 
{a be. Jig. GO.), may be set upon appropriate revolving arms, the bent planes of each 
arm being arranged concentrically with the centre of motion, and being attached to the 
arm with different inclinations, so as practically to constitute a screw in steps. This 
propeller, which is to be placed in the dead wood, is destitute of an outside bearing. 
An arrangement of tightening pulleys, applicable to the straps which give motion to the 
propeller, is also described. 


* The app&rntus proposed by Bernouilli for impelling 
vessels withont wind is described as follows: — TIic 
instrumrat for acting on the water consists of an arbor 
14 ft long, and 2 in. diameter, of iron. This carries 
eight wheels for acting on the water, to each of which it 
is perpendicular, and forms an axis for them all. The 
wheels should be at equal distances from, each other. 


Kach wheel consists of eight arms of iron, each 3 fl. 
long, so that the whole diameter of the wheel is 6 ft. 
Each of these arms, at a distance of 20 in. from tike 
centre, carries a sheet iron plane (or paddle) 16 in. 
square, which is inclined so as to form an angle of 60°, 
both with the arbor and keel of the vessel, to which the 
arbor is placed parallcL” 
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DAVID NAPIER. 1841. 

On the 22nd March, a patent was taken out by David Napier, of Slillwall, engineer, 
for improvements in propelling vessels. Mr. Napier proposed to apply two paddle-wheels 
with oblique float-boards at the stem of the vessel, 
as shown in fig. Cl., and these wheels were to 
revolve in opposite directions, and by their reaction 
upon the water were to force forward the vessel. 

The wheels were not set in the same vertical plane, 
but one was placed somewhat before the other, so 
as to allow the circles in which the arms revolve 
to intersect without the arms themselves coming 
into contact. This contrivance, which resembles, 
in some respects, the arrangement previously pa- 
tented by Perkins, was practically tested by 
Mr. Napier, in a vessel built for the purpose ; but 
he did not succeed in obtaining the amount of speed that he exi«cted. From what I 
recollect of this vessel, I should be disposed to attribute her defective performance to the 
circumstance of the run having been made too full, owing to the weight of the machinery 
having been placed very near the stem ; and I consider that with a vessel of a good form 
a very satisfactory result would be obtained from Mr. Napier’s arrangement. It is less 
eoraiiact, however, than the screw, as commonly applied ; and if the vessel were to be 
impeded, either by head winds or otherwise, the revolving wheels would throw up the 
water upon the stem to such an extent as to be productive of much inconvenience, unless 
paddle-boxes were applied. 


Fig. 61. 



EBENEZER BEARD. 1841. 

On the 10th April, 1841, a patent was granted to Ebenezer Beard, of Connecticut, in 
America, for an improvement in the screw propeller. He claims, as his invention, “ curving 
the wings of the screw paddles in a direction perpendicular to the shaft or axis.” This 
appears to embrace the principle of a curvilinear or parabolic screw, comprehended in the 
Earl of Dundonald's patent of 1843, and in Hodgson’s patent of 1844. 

WILLIAM JOEST. 1841. 

On the 26th Slay, 1841, a patent was taken out by William Joest, of London, 
merchant, for improvements in propelling vessels, being a communication from a foreigner 
abroad. One of these improvements is a form of screw which the patentee terms a 
“ Syphon Screw,” and which is represented in figs. 62. and 63. This screw is constructed 
by setting upon one hoop, and within another, a succession of inclined or helical plates. 
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after the fashion previously sug- 62 , es, .nd 

gested by Delislc, Church, Erics- 

son, and others, but the outline 

of the plate is of a different / ^ \ 

form from what they employed. / \ 

Another of the improvements de- L.. — f < ®s=«dp 

scribed, is an arrangement of yj \ NVy J/ I 

propelling blades, represented in / 

/y. 64., and which the patentee de- / y/ \. 

signates as “ Double fishes’ tails." ^ 

A frame, articulated to the ship 

in the manner of a rudder, is t 

moved from side to side by ap- / 

propriatc mechanism, and at the ^ 

end of this frame there are two ^ ' 

wnxiAM JORn's morsuj'.iQL. 

moveable plates, so applied, that 

the one acts as a propeller when the frame moves in one direction, and the other acts 
as a propeller when the frame moves in the other direction. These plates are attached 
at their centres to the reciprocating frame by suitable pivots, whieli permit them to 
move like the beam of a pair of scales, and the motion of the plates is restricted by 
chains. It is obvious that such a propeller would soon knock itself to pieces, even if it 
could be divested of other objections. 


wnxiAM JORn « morsuj'.iQL. 


BENJAMIN BIRAM. 1842. 

On the 8th February, 1842, a patent was taken out by Benjamin Biram, of Wentworth, 
Yorkshire, colliery viewer, for a superior method of forming the vanes or arms of 
windmills, water-wheels, ventilators, &c., by setting them out in a different manner from 
that usually employed. The improvement is alleged to be also applicable to the propeller 
of a ship. The forms of propeller proposed are shown in figs. 65, 66, 67, and 68., and 


Figt. 66» 67| and 68. 
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the patentee states that one of these propellers should he set in each quarter, and that 
its diameter should be three-fourths of the diameter of a paddle-wheel. This arrangement, 
it will be remarked, resembles the projects of several previous inventors. 


JAMES HAMER. 184.3. 

On the 9th January, 1843, a patent was taken out by James Hamer, of Wardour 
Street, London, engineer, for improvements in propelling vessels. The chief of these 
improvements is a peculiar kind of rotatory engine, from the use of which in steam vessels, 
and especially m connection with the 
screw, material benefit is anticipated ; 
and an arrangement is delineated for 
enabling the rotatory engine to give 
motion to the screw when the axes 
of the two instruments are not co- 
incident. This arrangement is re- 
presented in jig. 69., and it will be 
seen to be similar to an arrangement 
previously suggested by Millington. 

There is no novelty claimed in the screw itself that is intended to be employed. 

THE EARL OF DUXDOXALD. 1843. 

On the 19th Januarj', 1843, a patent was taken out by Thomas, Earl of Dundonald. 
for a variety of improvements in engines and other machineiy, among which is an improved 
apparatus for propelling vessels. This improved propeller consists of an arrangement 
of propelling blades immerged beneath the water, in the manner now usual in screw 
vessels, but instead of the blades being set at right angles 
with the propeller shaft, they form an angle therewith, os 
represented in Jig. 70. One important eftect of this arrange- 
ment is, that it corrects the centrifugal action of the screw ; 
for, whereas, in common screws, the water which is dis- 
charged backwards assumes a conical figure, enlarging as it 
recedes, in a screw formed on Lord Dundonald's plan the 
outline of the moving water tvill be cylindrical, the centri- 
fugal action being counteracted by the convergent action due to the backward inclination 
of the propelling blades. It is found, practically, that screws constructed upon this 
principle give a better result than ordinary screws; and the improvement appears to 
be a valuable improvement, and one that is likely to come into use when it has received 
some necessary modifications. 


Fig. 70. 



Fig. 69. 
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THOMAS SUNDERLAND. 1843. 

On the 19th January, 1843, a patent was taken out by Thomas Sunderland, of 
London, for improvements in propelling, and in accelerating the flow of liquids through 
pipes and other channels. The form of pro- 
peller proposed for giving motion to vessels is 
represented in jig. 71. Two elliptical plates 
arc afli.xed, at a suitable angle, to arras pro- 
jecting from a horizontal shaft, and when the 
shaft is put into revolution, the vessel is pro- 
pelled by the inclined surfaces, which, in their 
revolution, impinge upon the water. The pro- 
peller is to be situated behind the rudder, as 
in Ericsson’s arrangement, and the propeller 
shaft, us in Ericsson's case, divides the rudder 
into two portions, which, however, may be 
joined together by suitable connections. The 
plan of propelling by inclined planes, revolving in a circle, had been proposed by 
Bernouilli nearly a century before, and the proposal had been frequently repented by 
subsequent inventors. Inclined planes of this particular form had been suggested in 
1840 by Captain Carpenter; and Jlminnh, Blaxland, and other previous patentees, pro- 
posed to dispense with the bearing at the end of the shaft, so that there is no novelty 
even in this arrangement, and quite as little advantage. A propeller overhanging in the 
manner of Sunderland’s, would be very liable to heavy vibration, which would cause the 
stuffing-box to leak ; and the shaft would be in danger of being broken off altogether, 
especially if it became entangled ivith ropes or fishing-nets, which screw propellers some- 
times catch up. 



ROBERT WALKER, JUN. 1843. 


On the 18th May, 1843, a patent 
was taken out by Robert Walker, 
juu., for improvements in propelling. 
Mr. Walker’s arrangement, which is 
shown in jig. 72., involves the use of 
a pipe within the vessel, through the 
foremost end of which the water is 
drawn, and through the posterior 


Fig.n. 
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part of which the water is discharged, by a screw revolving within the pipe. 


o 2 


Digitized by Google 



44 HISTORICAL ACCOUNT OF THE SCREW PROrELLEB. 

ELIJAH GALLOWAY. 1843. 

On the 25th May, 1843, a jwtcnt was taken out by Elijah Galloway, of London, 
civil engineer, for improvements in the machinery for propelling vessels. The specification 
of this {latent, after describing an improved paddle-wheel, and various new methods of 
bringing up the sjiced of a screw j>ro{>eller, pro- 
ceeds to explain in what manner a screw projwller 
may be shipped or unshipped with facility. The 
patentee does not pro{)ose any new form of screw, 
but he proposes to {)lace a screw of some approved 
kind in each quarter of the vessel, and he pro- 
poses to ship and unship these propellers by the 
aid of suitable chains descending into the water 
at the stern. The first thing to be done in un- 
shipping the pro{)ellcr is to draw the shaft inwards 
into the vessel ; and this is accomplished by heaving 
a strain upon the chain /, fig. 73., which pulls the 
shaft (7 upon end, until it is detached from the a»cuwr.r'» unci or uiimro aod it»«Birnjo 

' ^ THB K’KRW. 

after-bearing s, when a strain is hove upon the 

chain p, by which the propeller is lifted out of the water. In shipping the propeller 
this operation lias just to be reversed. 

JOSEPH MAUDSLAY. 1843. 

On the 13th July, 1843, a patent was taken out by Joseph Maudslay, of London, 
engineer, for certain improvements in machinery 
used for propelling vessels by steam {xiwer. 

One of these improvements consists of a new 
method of communicating rapid rotatory motion 
to a propeller, when the prime mover is a steam 
engine ; and another consists in the use of a 
rudder in each quarter, instead of a single rudder 
in the stern, whereby the stern-post is left clear 
for the application of the screw. The arrange- 
ment of rudders proposed by Mr. Maudslay is 
represented in fig. 74. A vessel was constructed 
to tdst the efficacy of this plan in practice, but its 
o{>eration was not found to be satisfactory, as tbe vessel, it was discovered, could not 
lie steered in a pro{x:r manner. In the vessel thus subjected to the test of experiment, 


Fig. 74. 
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the rudders, instead of being of the fomi represented in the figure, were more on the 
throttle-valve, or balance, principle; that is, instead of being hung by one edge, like a 
common rudder or a common door, they were hung upon spindles passing through 
them from top to bottom, near the centre of their breadth. Rudders upon this plan 
have been in use in the native boats in India from time immemorial, and only one rudder 
is employed in these boats, which rudder passes down into the water, not in the centre 
of the stem, but a little to the one side of the centre. The rudders of these Indian 
vessels are perfectly efficient, and are very easily moved. 


IIENRY DAVIES. 1844. 

On the 25th January', 1844, a patent was taken out by Henry Davies, of Norbury, in 
the county of Staflbrd, engineer, for improvements in the arrangements for communicating 
motion to vessels. The propeller employed is a screw ; but, instead of being placed at 
the outside of the vessel, in the usual manner, it is placetl in a false bottom, built on 
to the vessel, so as to form a channel through which the water is driven by the screw. 
This, therefore, is an expedient for propelling by forcing out water at the stem of the 
vessel, — an expedient patented by Toogood and Hayes in IGGl, by’ Allen in 1729, by 
Rumsey in 1788, and by numerous other jiersons at different times, but which has 
never yet been brought into successful operation. The principle of any such device 
should be to pull on the vessel by' a rope of water passing in at the bow and out at 
the stem : to obtain a maximum effect, this rope, or column of water, should be as 
stationary as possible, and it is only by making it large that it can have little motion. 
The same effect, however, may be produced by acting upon a column of water at each 
side of the vessel, which action is accomplished by employing paddle-wheels; or a central 
column may be acted upon by employing a screw at the bow or stem. Any plan of 
propelling by forcing out water at the stern, has necessarily to encounter the disadvantage 
of the friction of the water in the pipe, and at high velocities this friction is equal 
to 1^ lbs. of retarding pressure per square foot of surface of the pipe. The friction 
of ships is an important element of their resistance, and consequently ships may be 
made too sharp; for the benefit due to a fine bow and stern may be more than 
counteracted by the increased friction due to the increased length. 


ROBERT HODGSON. 1844. 

On the 2nd February’, 1844, a patent was taken out by Robert Hodgson, of London, 
engineer, for improvements in propelling vessels. Jlr. Hodgson proposed to attach the 
blades of his propeller to the shaft, not at riglit angles, but at some such angle as is 
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shown in fig. 75. j and he also proposes to cause the cutting edge of his propeller to 
describe a parabolic or conical figure, by adopting some such construction as is shown 
in fig.'). 76. and 77. Propellers witli the blades inclined backwards, have now been 
introduced into several vessels with very good results ; but this configuration is prescribed 


Figt. 75, 76, mil 77. 
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in the blarl of Dundonald’s patent of January, 1843, and it was not a novelty, therefore, 
at the time Mr. Hodgson's patent was taken out, except as regards the parabolic form, 
which, however, there is no evidence to show is better than the conical form. The 
manner in which the blades should be bent, and the extent to which they should be bent, 
have yet to be determined; but it is obvious that various circumstani’cs will affect the 
configuration which ought to be adopted. For if the pitch and slip of the screw 
be considerable, the centrifugal action will also be considerable, and a larger inclination 
of the arms backward will in that case be advisable, than if the pitch were smaller 
and the slip less. It is also clear that if the screw is suitably varied in its pitch 
from the centre to the circumference, the same result will be produced when the arms 
incline backwards so as to describe a cone, as is produced in the common screw when 
the arms are bent backwards so as to form a parabola. 


BENNET WOODCROFT. 1844. 

On the 13th February, 1844, a patent was taken out by Bennet Woodcroft, of 
51anchester, printer, for improvements in propelling vessels, whereby he would have 
the power of “ varying at pleasure the angle of screw propeller blades with the axis 
on which they work, according to the varying circumstances of wind, current, tonnage, 
and the other conditions affecting the action of the motive power in vessels.” The nature 
of the arrangements by which this object is to be attained will be seen by a reference to 
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fiys. 78, 79, and 80. Upon the propeller shaft a boss is fixed, in which boss there are round 
holes for receiving the cylindrical ends of the propeller blades. At the point where the 

Pigl. 78, 79, tad SO. 
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blades emerge from tbe boss, short arms or levers are attached, by means of which the 
blades may be turned round into any desired inclination with the shaft, and the motion 
of these levers is governed by a collar encircling the shaft, which collar is itself move<l 
in or out upon the shaft by a bell-crank lever, acted upon by a rod which passes 
up to the deck of the vessel. This arrangement is open to various mechanical objections ; 
and the actuating mechanism, instead of lieing exposed to the water, should bo included in 
a boss, as has subsequently been done by Hayes and Maudslay. In ordinary screw vessels 
there does not appear to be much advantage derivable from varying the pitch of the 
screw, or the angle of the propelling blades ; for screw engines will go at nearly the 
same speed, whether the wind be adverse or favourable, or whether the vessel is much 
or little immersed. This, indeed, is one of the defects of the screw as heretofore applied ; 
and the use of an expedient for changing the pitch involves the supposition that in 
adverse winds, or with deep immersions, the velocity of rotation of the screw is very 
much diminished, — which, however, is not the case. Nor is the expedient more remarkable 
for its novelty than for its advantage. Ilookc, in the windmill instrument he showed 
to the Royal Society in 1683, had an arrangement for altering at pleasure the angle of 
the blades ; and Millington, in his patent of 1816, states that the vanes or propelling 
blades he employs arc “ to shift on their pivots, or points of attachment, so as to alter 


Digitized by Google 


48 


HISTORICAL ACCOUST OK TUB SCREW PROPELLER. 


the angle which they make ivith the plane of their motion, from 45 degrees to any 
greater or lesser angle, according to the speed with which they are moved.” 

WILLIAM FAIRBAIRN. 1844. 

On the 13th Fcbmary, 1844, a patent was taken out by William Fairbaim, of 
Manchester, engineer, for improvements in machinery used for propelling vessels by steam 
power. This patent does not prescribe any new form of propeller, but merely describes a 
certain arrangement of gearing for increasing the velocity of the screw, relatively with the 
velocity of the engine, in any ratio that may be desired. 


CHRISTOPHER D. HAYS. 1844. 

On the 3rd July, 1844, a patent was taken out by Christopher Dunkin Hays, 
of Bermondsey, wharfinger, for certain improvements in propelling vessels. One of 
these improvements is an arrangement of gearing, whereby the velocity of the propeller, 
relatively with that of the engine, ran be varied ; and another is an arrangement for 
changing the angle of the propelling blades, as previously suggested by Hooke, Millington, 
and Woodcroft. 


J. G. BODMER. 1844. 

On the 13th July, 1844, a patent was taken out by John George Bodmer, of 
Manchester, engineer, for a variety of improvements in engines and other machinery; 
and one of these improvements is an improvement in the apparatus for propelling 
vessels. The nature of the 

arrangement Mr. Bodmer pro- 
poses, will be understood by a 
reference to Jig. 81. Two small 
wheels, operating on the prin- 
ciple of centrifugal funs, are 
immerged in the water at the 

” . . IK>OMKR'b CUrrilirfOAL rBOPELLERS. 

stem of the vessel, one being 

placed in eacli quarter; and these wheels are driven by vertical shafts, ascending above the 
level of tlie water. Surrounding each wheel there is a c)'lindrical casing, like the casing 
of a centrifugal fan. These casings may be tumetl round upon their a.xes ; and at the 
circumference of each casing there is an aperture for the discharge of the water which 
enters at the centre. If these apertures be pointed aft, so that the water issuing from 
them is discharged astern, the vessel will be propelled in a forward direction ; or if 
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the casings be turned round, so that the apertures are pointed forward, the vessel will 
be driven astcni. By pointing the apertures in any intermediate direction, the vessel 
will be deflected to a corresponding extent from a straight course ; and by turning round 
the casings, the columns of water discharged from the apertures may be made to act 
in aid of the rudder, or even to perform the functions of a rudder, should the rudder 
happen to be carried away. • 


FREDERICK RO.SEXBORG. 1845. 

On the 12th June, 1845, a patent was taken out by Frederick Rosenborg, of Hull, 
for improvements in the arrangements for propelling and manoeuvering vessels. The 
nature of these improved arrangements is shown in jigs. 82. and 83. A submerged pro- 


Figt. 82. and 83. 



KOBXXBOBO'a PBOPSLLKR. 


pellcr, with six paddles or blades, is placed at the stem of the vessel, and the propelling 
surface is disposed circumferentially, as in the previous projects of Bemouilli, Dclislc, 
Ericsson, Fraisinct, Haddan, and Blaxland, The propelling blades are not portions of 
a true screw, but are bent to a certain curve, the nature of which is not veiy clearly 
explained, but the design appears to form the propeller with an expanding pitch. 

CAPTAIN GEORGE BEADON. 1845. 

On the 29th July, 1845, a patent was taken out by George Beadon, commander in 
the Royal Navy, for improvements in propelling vessels and carriages, in raising and 
drawing off water, and in accomplishing other similar mechanical operations. The im- 
proved method of propelling vessels consists in the use of a screw of one or other of 
the configurations represented in jigs. 84, 85, and 86., and an improved method of sliipping 
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and unshipping the screw is also described. The external form of the screw, represented 
in fig. 84., is almost identical with that patented by Dallery in 1803; but the central 
portion of the screw is cut away, 
as in the screws of Dclisle, Erics- 
son, Fraisinct, and Iladdan, — all 
projected or patented before this 
time. Fig. 85. represents two pro- 
pelling surfaces supported at any 
suitable distance from the centre 
of the shaft by means of spiral 
nnns; and fig. 86. represents a 
form of screw in which the cen- 
tral portion, instead of being cut 
away, is filled up by the intro- 
duction of a cylinder, upon which 
the helical projicHing blade is 
wound. The arrangement for shipping and unshipping the screw is described as being 
applicable to the case of propellers situated in the quarters, and the arrangement sub- 
stantially consists in the introduction of strong vertical guides, which direct the ascent 
of the screw in a proper manner, when hove upwards by suitable chains. 

The arrangement of a propelling surface wound upon a drum or cylinder resembles 
the arrangement patented by Lyttleton, in 1794, so that there is not much in this patent 
that is new : nevertheless, it displays a sagacious ingenuity, and a very distinct conception 
of the objects which it is desirable to fulfil in contriving an efficient propeller. 


Fig*. 84, 85, tnd 86. 



CHARLES II. J. FORRET. 1845. 


On the 4th August, 1845, a patent was taken 
out by Charles Henry Joseph Forret, of London, for 
a new form of screw, which he terms “ Dcvainc’s 
Screw,” being a communication from a foreigner 
abroad. Of this screw, which is constructed on the 
principle of an increasing pitch, three forms are re- 
presented in figs. 87, 88, and 89. ; but the principle 
of the increasing pitch has been anticipated by 
several previous inventors, and in other respects the 
arrangement represents that patented by Rennie in 
1839. 


Figt. S7, SS, >ihI 89. 
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TII05IAS OXLEY. 1845. 


Fig. ». 


On the 22nd August, 1845, a patent was taken out by Tlioinas Oxley, of London, 
civil engineer, for improvements in constmeting and propelling vessels. One of these 
improvements is an arrangement for enlarging the diameter 
of a screw propeller at any time such an operation may be 
deemed advisable, and tlie mechanical expedients suggested 
for this purpose are represented in fj. 90. liach propelling 
blade is so constructed that it may be drawn out in the 
manner of a telescope, or sliding shutter ; and this sliding 
action is accomplished, when necessary, by means of pinions, 
in the position of the screw shaft, which engage racks at- 
tached to the sliding portions of the screw blades, and the 
sliding portions of the blades are thus moved radially inward 
or outward, according as the pinion may be turned in either 
direction. 



STEPHEN IL PAEKHURST. 1845. 

On the 17th November, 1845, a patent was taken out by Stephen Richard Parkhurst, 
of Liverpool, machinist, for an improved method of propelling vessels. This method of 
jiropelling does not come properly under the denomination of a screw propeller ; nevertheless, 
its general character may here be described. Two wheels, resembling small paddle-wheels, 
are laid on their sides, one at each side of the vessel, and these wheels are indented into 
the vessel so that only a small portion of the periphery of each projects beyond it. The 
shafts are vertical, and when the wheels are put into revolution those floats only which 
project beyond the side of the vessel act ujjon the water, and the vessel is forced forward 
by the reaction thus produced. The form of this contrivance resembles that of Bodmer, 
described in page 48., and the only respect in which a propeller of this kind resembles 
the screw is in being totally submerged. 


CIIEISTOPIIER D. IIAYa 1845. 

On the 10th December, 1845, a patent was taken out by Christopher Dunkin Hays, 
of Bermondsey, for improvements in the apparatus for propelling and steering vessels. 
The most material part of these improvements is represented in Jigs. 91, 92, and 93., 
and they constitute a more complete arrangement for carrying out the principle of a 

variable pitch, propounded in Mr. Hays' previous patent of 1844. 
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Fig. 91. represents n screw propeller at the stern of a vessel. It is suspended in a 
frame which, when the screw shaft is drawn back, may be raised out of the water by 
means of pinions, which engage 
racks on the sides of the frame. 

The mechanism for changing the 
angle of the propeller blades is 
enclosed in a hollow boss. Holes 
for receiving the ends of the pro- 
peller arms are made in this boss, 
and the ends of the propeller 
arms are made of a cylindrical 
form, as represented in jig. 92. 

To the ends of these arms, situ- 

RAT*' AB&AJfOllMETr FOB TARTIXO TBB A5aU OF PtlOFBLLKB BLADES. 

ated within the boss^ appropriate 

levers are attached, by means of which the arms may be turned round ; and the motion of 
the levers is governed by a small shaft passing through the centre of the screw shaft, by 
means of which the propelling blades may be set at any angle that is required. Should it 
be found desirable at any time to disuse the propeller, it may be so set that the blades come 
into the same line as the keel ; and sliding shutters, shown in Jig. 93., may then be let down 
uijon each side of the stern-post, so as to enclose the screw in a bo.x, and thereby place 
the vessel in the same position, as rcganls sailing efficiency, as if a screw had not been 
introduced. I have already mentioned that the power of changing the angle of the 
screw docs not confer any important advantages so long as the screw is in revolution ; 
and propellers constructed upon the principle of a variable angle must necessarily be 
weaker and more subject to derangement than screws of the common description, the 
blades of which are fixed. Since too if the vessel be put under sail, the screw, by being 
disengaged from the engine, will revolve in the manner of a patent log, and will present 
very little impediment to the vessel’s progress, it hardly appears necessaty to make 
the arms moveable to accommodate the vessel when under sail. The plan of suspending 
the screw in a metal frame, which may be drawn up vertically out of the water when 
the screw shaft is withdrawn, is judicious, and this is the arrangement now generally 
adopted in screw vessels, the screws of which are made to lift. In mercliant vessels, 
however, it will generally suffice if the screw is so made that it can revolve freely when 
the vessel is under sail. 

.JOHN PENN. 1846. 

On the 25th December, 1846, a patent was taken out by John Penn, of Greenwich, 
engineer, and William Hartree and John Matthew, also of Greenwich, engineers, for 
improvements m steam engines, and in machinery for propelling vessels. One of these 


Fig$. 91, 9”2, End 93. 
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improvements has for its object the diminution of the wear and friction at the point where 
the thrust of the screw shaft is taken by the vessel. The propeller shaft, at the same time 
that it is turning rapidly round, must press endways, owing to the reaction of the screw 
upon the water ; and this end thrust must be received upon some suitable fixed point within 
the vessel, and by the pressure exerted upon this fixed point the vessel is forced through 
the water. The severity of the thrust upon the end of the shaft, combined with the 
friction arising from its rapid rotation, produced in the earlier screw vessels a rapid wear 
of the surfaces in this part, and also a great liability to heat; and Mr. Penn proposed 
to remedy the evil by bringing a new surface perpetually into contact with the end of the 
shaft. This object was accomplished by applying a flat disc of hardened steel, in a 
vertical position, to the end of the shaft, so as to receive the thrust ; the disc was larger 
in diameter tlian the propeller shaft, and was securely fixed to the flat side of a cog-wheel 
placed eccentrically to the propeller shaft. To this wheel and disc a slow rotatory motion 
was given, whereby a fresh rubbing surface was continually presented to the end of 
the shaft. The remaining part of this patent has reference to various improvements in 
the construction and arrangement of marine steam engines, among which is a new form 
of trunk engine, since introduced by Mr. Penn for giving motion to the screw without 
the intervention of gearing; and the operation of this engine has been attended with 
signal success. The engines of H. M. Steam Vesseb “ Arrogant ’’ and “ Encounter,” 
which are constructed upon tliis principle, will be found representetl among the plates 
of screw engines which illustrate the present work. 


SAMUEL SEAWAKD. 1846. 

On the 12th January, 1846, a patent was taken out by Samuel Seaward, of Limehouse, 
engineer, for improvements in the steam engine, and in machinery for propelling. As 
regards the improved machinery for propelling, the main novelty consists in a new mode 
of attaching or disengaging the propeller, so that it may be easily shipped, and also 
easily detached and lifted out of the water. The arrangement proposed is represented in 
Jigs. 94, 95, 96, and 97. ; and the screw shaft, it will be remarked, instead of piercing the 


Figt. 94, 9S, 96, »nd 97. 
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Stern post, comes out at one side of it. The screw is embraced in a frame, resembling 
a lai^e sugar tongs, as shown in Jiff. 94. ; and from the top part of this frame a lever (e) 
projects upwards, by means of which the movements of the frame are properly controlled. 
In yiy. 95. a back view of this frame is given : a being the frame, d d pivots on which it 
smngs, and b b guides or hangers, by which the pivots d d are supported. Fig. 96. shows 
the position of the shaft relatively with the stem post ; and in fig. 97. is represented the 
mode of attaching the propeller to the shaft. The portion of the shaft protruding 
through the vessel is made hollow, with a long bolt passing through its centre ; and the 
head of this bolt consists of a cog-wheel, which may be forcibly turned round by a suitable 
purchase, while the point of the bolt is tapped into the eye of the propeller. In shipping 
the screw, the sugar-tongs frame containing it is first dropped down between the guides, 
until the boss of the screw is opiwsite to the end of the shaft. The long bolt within 
the shaft is then turned round, w'hcrcby the screw is drawn upon the conical neck of 
the shaft with great force, and held firmly thereon. Arrangements for unshipping the 
screw, much superior to this, have since been adopted by Messrs. Seaward in their practice ; 
and, although the plan of bringing the screw shaft out at the side of the stern post has 
been imitated in several succeeding patents, it has never met with any considerable 
adoption. 


JOSEPH MAUDSLAY. 1846. 


On the 13th Januar)', 1846, a patent was taken 
out by Joseph Maudslay, of London, engineer, for 
improvements in propelling. These improvements, 
for the most part, resemble those patented the day 
before by Mr. Seaward, as will be seen by a refer- 
ence to figs. 98, 99, and 100. ; but Mr. Maudslay 
includes in his patent a coupling-box, for enabling 
the screw to be disengaged from the engine, and 
also a brake for controlling the movements of the 
propeller. When it is required to unship the pro- 
peller, the shaft is drawn a little inboard, so as to 
clear it of the hole in the propeller boss, in which 
it fits. The frame carrying the screw is then raised 
by the aid of the capstan or other convenient pur- 
chase; — the vertical position of the frame being 
maintained by a strong guide bar, securely fixed to 
the counter. 


Figt. 09, and 100. 
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PETER TAYLOR. 1846. 


On the 20th January, 1846, a patent was taken out by Peter Taylor, of HoUingwood, 


near Manchester, for improvements in 
the machinery for propelling vessels, 
the nature of which will be appre- 
hended by a reference to fig. 101. 
Two shafts, with four double-bladed 
screws upon each, are placed at the 
stern of a vessel, and are driven in op- 
posite directions by means of gearing. 
The arrangement appears to be a 
change for the worse upon his pre- 
vious patent of 1838, described at 
page 27. 


Fig. lOI. 
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THOMPSON AND TVRIGIIT. 1846. 

On the 25th February, 184G, a patent was taken out by George Alexander Thompson, 
of London, and Joseph Wright, also of London, mechanic, for improvements in propelling 
vessels. The principle of these improvements consists in the ejection of water from the 
stem ; and the plan therefore hardly comes into the category of screw propellers ; but 
being a submerged propeller, the general features of the project may be briefly explained. 
The proposed arrangement of ma- 
chinery is represented in figs. 102, 

103, and 104. The water is drawn 
in at the bow, through suitable 
pipes, and discharged at the stern ; 
and the pipes may either be ar- 
ranged as shown in fig. 102., or as 
shown in fig. 103. The apparatus 
by which the water is put in 
motion, is represented in fig. 104. ; 
and it is a less eligible apparatus 
for the purpose than many other 
expedients previously emplo 3 'od. 

It has already been mentioned, that the attempt to propel vessels by forcing water out 
at the stem has been very often made or suggested during the last two hundred j'cars. 
and in this joint patent of Jlcssrs. Thompson and Wright there is neither novelty of 
principle nor eligibility of apparatus. 


Figt. 102, 103, and 104. 
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JOHN SAMUEL TEMPLETON. 1846. 

On the 27th February, 184G, a patent was taken out by John Samuel Templeton, 


of Kensington, for improvements in pro- 
pelling carriages upon railways, and im- 
provements in propelling vessels. His im- 
proved propeller for vessels consists of a 
flat blade, coiled round an a.xis, as shomi 
in Jigs. 105. and 106., so as to fonn an 
expanding cone or conoid, or, as the 
patentee terms it, a “ Conoidal Volute." 
It docs not very clearly appear what bene- 
fit is expected from this configuration. 


Figi. 103. and 106. 




laarLSToa's cosuujal vqlvte raoriuxan. 


JAMES MONTGOMEHY. 1846. 

On the 2Gth May, 184G, a patent was taken out by James Montgomery, of London, 
for an improved method of raising the screw propeller out of the water. In one of the 
arrangements he describes, on opening is made through the deck of the vessel, over the 
screw, and the screw is carried in a frame suspended by wire ropes, or by chains which 
pass over pullies and are attached to a drum upon the propeller shaft. liy throwing this 
drum into gear with the engine, the frame and screw are immediately lifted out of the 
water, and are raised up through the hole in the deck. Another of the arrangements ' 
described, is represented in figs. 107. and 
108. Here the screw shaft passes through 
the stem-post, and also through the rudder ; 
and the rudder is on the throttle-valve or 
balance principle, being hung upon a spindle 
which passes through it from top to bottom, 
in the middle of its breadth. It is stated 
that by this aiTangcmcnt tbe screw can be 
shipped and unshipped with so much facility, 
that a vessel may carry an assortment of 
screws of different sizes with her, which may 
be shifted at sea; so that she may at all 

times have that form of propeller in operation which is best adapted to the work that is 
to be done. T his system, however, of changing the propeller at sea does not appear likely 
to obtain favourable acceptation in practice. 


Figi. 107. Will 108, 
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JOHN BUCHANAN. 1846. 


Figi. 109, no, iihI 111. 


On tho 15th August, 1846, a patent was taken out by John Buchanan, of London, for 
various improvements in vessels and machinery, one of which is for propelling vessels by 
means of a submerged propeller placed at the stem. The configuration of this propeller 
is shown in figs. 109, 110, and 111.; and the propelling-blade, it will be remarked, is a flat 
plate, like the tail of a weather- 
cock, which is enabled to swivel to 
a certain extent on its axis, the end 
of the blade being circular and fitted 
into a round hole in the propeller 
shaft, to pennit this action to take 
place. It follows from the arrange- 
ment here set forth, that when the 
vessel is under sail, the propelling- 
blade, by being dragged through 
the water, assumes the line of the 
keel ; whereas, if the propeller shaft 
is turned round, the blade is de- 
flected sideways until it comes in 
contact with the end of a notch 
in the shaft, seen more plainly in 
fg. 110.; and in that position the 
blade acts as an efficient propeller. 

It will be obvious, on considering 
the action of this propeller, that the 
vessel will be urged forward, in whatever direction the propeller shaft is turned; but to enable 
the vessel to be backed, the |)ortion of the shaft nearest the stem is made hollow, so that a rod 
may be pushed through its centre, and the end of this rod enters a hole in the neck or pivot 
on which the projielliiig-blade turns, — thereby fixing it in such a position as to enable the 
vessel to be backed. The bearings of the propeller shaft in the stern and rudder-posts are 
suspended by springs, with the view of taking off the jar or tremor, and the portion of 
the propeller shaft revolving in the water at the stern is enlarged, so ns to form a boss, 
which presses against the stern-post, and thereby takes all thrust off the shaft. The shaft 
where it passes through the stem is enclosed in a pipe a little larger than the shaft, and 
the intervening space is filled with oil, fed from a sufficient head to enable the oil to 
work its way out against the pressure of the water, and thereby lubricate, in an efficient 
manner, the surfaces which receive the thmst. The patentee, although he only shows 
one propelling blade in the drawings which accompany his specification, claims the 
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right to use two or more, if he finds it advisable. It docs not appear probable that any 
of the expedients herein described will come into use ; nevertheless, they are marked by 
a high degree of ingenuity, and by an apparent familiarity with mechanical arrangements. 


WILLIAM IIENWOOD. 1847. 


On the 4th May, 1847, a patent was taken out by William Henwood, of Portsea, 
naval architect, for improvements in propelling vessels, and in steam vessels. These 
improvements, so far as they relate to screw vessels, are twofold, and consist, first, in 
an improved arrangement of the rudder and propeller, and, secondly, in the adoption of 
such a configuration of hull as will diminish the pitching motion, and thereby cause the 
screw to be lifted less out of the water. 

The proposed arrangement of rudder 
and propeller is represented in Jig. 112. 

The rudder is placed in the dead- 
wood and before the screw, — a spindle 
of adequate strength being continued 
upward to the deck, by means of which 
the rudder may be moved. The screw 
is hung in a frame abaft the stern- 
post, the frame itself being directed 
into its place and retained there 
by appropriate guides. Upon these 
guides, it is stated, a temporary rudder 
may be hung by removing the pro- 
peller, should the usual rudder happen 
to be carried away. 

The improvement in the form of 
hull, so as to obviate pitching, is to 
be accomplished by a suitable adjustment of the fore and after bodies to one another, both 
os regards capacity and form. The cubical content of the after body of the vessel, measured 
from a vertical transverse plane through the centre of gravity of the vessel, must be made 
equal to the cubical content of the fore body, measured from the same plane ; and the super- 
ficial areas of the displacement of the fore and after bodies, at every different line of floation, 
should also be equal to each other, measured from the same vertical plane. There is not 
much originality in this patent. Perkins in his patent of 1824, and Rosenborg in his patent 
of 1845, had the rudder before the propeller, or in the deadwood, and the adoption of such a 
shape in screw-vessels, as will make the pitching action as small as possible has always 
been a consideration kept in view bv naval architects of respectable proficiency. 
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COXKAD H. GREENHOW. 1847. 



On the 4th May, 1847, a patent was taken out by Conrad Haverkam Greenhow, of 

North Shields, for improvements in propelling vessels ; but his plan comes rather under 

the head of expedients for propelling 

‘ , , U3. H4, « 0 'i iis. 

by foremg water out at the stem, than 

under the head of expedients for pro- 
pelling by a screw. The device, never- 
theless, is rcpresenteil in figs. 113, 114, 
and 1 1 5., and in its operation it somewhat 
resembles the expedients of Thompson 
and Bessemer ; but here the wheel shaft 
is horizontal. Two wheels like paddle 
wheels, but armed with helical blades, 
are placed in the position shown in 
fig. 113., completely beneath the water, 
and with their impelling shaft at right 
angles with the keel. A case or box is 
formed on each side of the keel, just 
abaft the termination of the bilge keel ; 
into this case or box the wheels are in- 
troduced, and by their revolution they 
are to propel the vessel. It will be seen 
by fig. 114., that the blades of the wheels 
which ut the circumference run at an 

_ . . , *11 1 !• GREcaHotv's nenioD or rrorirLUKC t'siaetA. 

nnglc of 4o degrees with the shafts arc 

at the centre coincident with it. The benefit of these arrangements, or even the patentee’s 
idea of it, is not very intelligible ; the project being by no means invested with obvious 
advantage, and being moreover obscurely described. 


JOHN MACINTOSH. 1847. 

On the 22nd June, 1847, a patent ^vas taken out by John Macintosh, of London, 
for improvements in steam engines and improvements in propelling ; and of these 
improvements the one which bears most on the present question is a new kind of screw 
propeller formed with flexible blades. The leading idea of this contrivance is the same 
as that set forth in Buchanan's patent taken out in the previous year; but instead of 
the propelling blade being left free to move towards either side until it comes against 
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a shoulder or stop, it is so constructed that the blade is itself a spring, which can only 
be deflected at all by the application of power, and then the amount of deflection will 
be proportional to the amount of power applied. In figs. 116. and 117. an edge view 


Fif. 116. uid 117. 




and a side view of one of Macintosh's flexible propeller blades are given. Two blades 
of this kind stand out from the propeller shaft, forming with it an angle of about 
45 degrees, and constituting a propeller resembling that patented by the Earl of Dundonald, 
in 1843, and of which a figure is given at p. 42. Macintosh’s blades, however, are quite 
flat, and stand in a line with the shaft; they are formed of steel and arc built up 
of several thicknesses, after the fashion of a coach spring. When the vessel is under 
sail, and the propeller is not in action, the blades offer no obstruction to the water, 
since they lie in the line of the keel, and are merely drawn forward in the manner of 
a straight plate of iron, or ns any fish’s tail would be in which there was no lateral 
motion. But when the propeller shaft is turned, the action of the water upon the side 
of the blade immediately twists it into the form of a screw, and when in that form it 
acts as an eflicient propeller. The form of the screw will obviously depend upon the 
strength of the blade to resist twisting, and the amount of twisting force put upon it ; 
and these conditions may be so regulated as to give any form that is desired. It is 
also obvious that a propeller made upon this plan will not back the vessel ; for if the 
engine be turned in one direction the blades arc twisted into a right-hand screw, and 
if the engine be turned in the other direction the blades are twisted into a left-hand 
screw, but in each case the vessel is propelled ahead. To enable the vessel to be 
reversed, an arrangement of the propelling blades has to be adopted, which permits 
them to be shifted from their usual position into the position indicated by the dotted 
lines, _/iy. 118.; and here an amount of complication is introduced which countcrbalance.s 
the benefits of the system. An clastic propeller is certainly a very elegant expedient; 
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it can no doubt be made efficient., probably somewhat more efficient than a rigid propeller 
can be, and, but for the necessity of backing, it would be exceedingly simple. To back, 
however, the arms must be made moveable, since it is not by reversing the engine, 
but by reversing the position of the blades, that the operation of baeking becomes 
accomplishable. An elastic screw with moveable arms is quite as complicated and 
objectionable an arrangement as a common screw with moveable arms ; and the common 
screw with moveable arms may be easily adjusted to any pitch, and may have the blades 


Fig. 118. 
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set in a line with the keel when the vessel is under sail. Upon the whole, therefore, 
it does not appear probable that this kind of screw will meet with any considerable 
adoption, unless some mode of reversing the vessel without involving the complication of 
moveable arms is found out. 


SIR SAMUEL BROWN. 1847. 

On the 7th October, 1847, a patent was taken out by Sir Samuel Brown, captain 
in the navy, for improvements in propelling and steering vessels, and improvements in 
the mariner’s compass. That part of the patent relating to propelling prescribes the 
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use of two propellers ]>laccd one behind the other at the stern of a vessel, — one being 
placed in the dcadwood and the other abaft the stern-post, or in a space formed by 
introducing a false post abaft the ordinary stern-post. The use of two propellers on 
each side of the rudder-post, and two propellers on each side of the stem, are also 
recommended, or one propeller may be placed on each side of the rudder-post and one 
on each side of the stem, and these propellers are to work in combination with one 
another. If propellers be used at both ends of the ship, they may be driven, it is 
stated, by the same shaft or by different shafts. There is nothing of novelty in the 
arrangements here described, and the i>atent has been enrolled in an imperfect state, 
repeated reference being made to a drawing which is not given. 


GARDINER STOW. 1848. 

On the 7th Januarj’, 1848, a patent was taken out by Gardiner Stow, of New 
York, for improvements in propelling vessels. Upon each side of the vessel a screw 
propeller, formed in the manner represented in Jigs. 119. and 120., is to be placed ; and 


Figt. 119. ;md 120. 
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these propellers are not to be totally immerged, but ore only to dip into the water to 
about one-seventh of their diameter. This arrangement resembles one of the expedients 
for propelling vessels proposed by Paucton, in 1768. It also resembles the plan proposed 
by Fraissinet, in 1838, and has some similarity to Mr. David Napier’s arrangement of 
stem-wheels, in 1841. None of the arrangements of partially immersed screws, working 
at the sides of the vessel, which have yet fallen under my obsen’ation, are free from 
objection, or are such ns I could recommend to be adopted in practice. Nevertheless, in the 
case of sea-going steam-vessels with a variable immersion, I believe that large screws 
operating upon this principle will be found to give a better result than ordinary paddle- 
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wheels. The efficacy of such screws will be the same, whether they are much or little 
immersed, and I see no difficulty in driving them by means of connections of a simple 
and substantial character. 


ROBERT FOWLES. 1848. 

On the 14th February, 1848, a patent was taken out by Robert Fowlcs, of North 
Shields, for a method of propelling vessels ; and although not falling under the head 
of expedients operating on the principle of the screw, the project may be here briefly 
described. The form of this propelling apparatus is shown in Jigs. 121. and 122., and 
the action resembles that of a fish’s tail. One or more flat blades, in form resembling 


121. aiul 122. 
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Jig. 121., are set at the stem of a vessel, in the manner shown in Jig. 122. Behind 
the stem-post a strong iron upright is placed, to which the ends of the propeller blades 
are jointed, and a rod a, which is moved up and down by the engine, is jointed to the 
nicks of the blade, so that it communicates to them its own reciprocating motion. Another 
arrangement, in which the propeller blades are moved sideways, is also described in the 
specification of this patent ; and, by turning the upright which supports the propelling 
blades partly round by means of a tiller, the blades may be made to steer the ship. 
In order that the blades may have a similar elasticity to that of a fish’s tail, they are 
proposed to be constmeted of steel ribs, covered over with gutta percha, or vulcanised 
india mbber. If the vessel to be propelled is large and heavy, the patentee prefers to 
use two or more propelling blades operating in the same vertical line, rather than to 
employ a single propelling blade of larger size. 
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JOSEPH MAUUSLAY. 1848. 

On the 8th March, 1848, a patent was taken out by Joseph Maudslay, of London, 
engineer, for improvements in obtaining motive power ; one of which improvements is an 
improved form of screw propeller, the blades of which may be turned round so as to bring 
them into a line Avith the keel when the vessel is under sail. This propeller is represented 
in fiys. 123, 124., of which 123. is a side elevation, and 124. is a bird’s-eye >icw. a a, are the 


Figi. 123. BD(i 124. 
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propelling blades, which are formed with cylindrical necks which pass into holes in the 
boss b. cc', dd', are toothed collars upon the necks of the propelling blades, and gearing 
with one another so that the propelling blades turn simultaneously together on their necks 
until arrested by the stop//, are projecting lugs which fit into a notch in the sliding 
clutch h, which clutch is moved endways upon the shaft by a bell crank lever, «, to which 
motion is given by a screwed rod i, which passes up to the dock. Each blade is formed with 
a greater area abaft the neck than before it, so that when the propeller is put into revolution 
the blades assume of themselves their right position by being brought up to the stop ; or 
should the vessel be proceeding under sail alone, the blades will spontaneously assume the 
line of the keel, and may be locked in that position. 


MOSES POOLE. 1848. 

On the 26th May, 1848, a patent was taken out by Moses Poole, for an Improved 
method of propelling vessels ; the improvement consisting in the use of a new hind of 
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Fig. 125. 


screw, called the “Boomerang Propeller," communicated to the patentee by Lieutenant 
Colonel Sir F. Livingstone Mitchell, residing 
abroad. The idea of this propeller is taken 
from the Boomerang, a remarkable species of 
missile in use among the savages of Australia, 
which is substantially a bent blade so warped 
as to form a portion of a screw. This pro- 
peller is represented in Jigs. 125, 12G, 127, 
and 128, and it is to be so constructed that the 
centre of the propeller shaft shall be at the 
centre of gravity of the propelling blades, any 
number of which blades may be set round 
the axis that appears expedient. The main 
purpose of this fonn of propeller appears to 
be to enable the propelling surfaces to act 
upon the water without involving the obstruc- 
tion, or choking action, incident to the use 
of a common screw, the central 
part of which exerts but little 
propelling effect, while the resist- 
ance it occasions is considerable. 

The Boomerang propeller has 
been applied to several vessels, 
but the re[»rt3 of its perform- 
ance are somewhat conflicting. 



Figt. 126. 127, mJ 128. 
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JOSHUA T. BEALE. 1848. 

On the 13th of June, 1848, a patent was taken out by Joshua Taylor Beale of Green- 
wich, engineer, for various improvements in steam engines and other mechanisms, and one 
of these improvements is an improved propeller for steam vessels. This propeller, which the 
patentee calls the bird’s wing propeller, is represented in Jigs. 129, 130, and 131, and the 
manner of forming the propelling blades is as follows : — Take a hollow cylinder of the same 
diameter os the screw, or nearly so, and of a length equal to the intended width of the 
propelling blades. Of this annulus cut out a sixth, and affix one end of the segment to the 
shaft in the manner represented in Jigs. 129 and 130. The blade is then to be so dressed 
as to bring it more nearly to the helical form by cutting away those parts of the blade 
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Figt. 120, 130, and 131. 



which stand at too great an 
angle upon the one side, and 
at too small an angle upon the 
other side. The cylinders from 
which the propelling blades 
are cut, are represented by 
dotted lines in the figures, 
and it is not intended that the 
blades shall have a uniform 
pitch ; but the leading or 
entering edge c, is to have a 
pitch as much less than the 
mean pitch, as the following 
or tail edge is to have a pitch 
that is greater than the mean 
pitch. Any number of pro- 
pelling blades may be used 
that is deemed expedient ; and 
the patentee prefers to make 

the total area of the propelling blades to range between one-tenth and one-fourth of the 
immerged midship section of the vessel — the proper proportion being contingent upon 
the build of the vessel and the service she is intended to perform. Nor docs the patentee 
bind himself to use in all cases portions of a cylinder for the propelling blades ; but he pro- 
poses to employ the superficies or skin as it were of any other suitable figure when disposed 
in the manner described. 

Mr. Beale also specifies a mode of obviating the inconvenience incident to the heavy 
thrust upon the screw shaft, by receiving the thrust upon rolling surfaces. A large 
conical collar, resembling a mitre wheel, is affixed to the shaft ; and two other similar wheels 
supported upon short shafts lying at right angles with the screw shaft, press against the 
conical collar, and take the strain from it. A narrow strip of the revolving surfaces is 
toothed to ensure their uniform rotation ; and the thrust of the screw has a tendency to force 
the wheels on each side of the shaft asunder — which tendency, however, is resisted by the 
great strength of the parts. This expedient for receiving the thrust has not met with any 
considerable adoption ; and it is less simple than a scries of contiguous collars on the shaft 
working in a grooved brass, which is the method of counteracting the thrust now usually 
employed. 


WAKEFIELD PIM. 1849. 

On the 25th January, 1849, a patent was taken out by Wakefield Pirn, of IIuU, engine 
maker, for improvements in propelling vessels, of which the main feature is the use of two 
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screws; one of which is to be placed in the bow, and the other in the stem. The patentee 
does not propose to introduce screws of a different shape from those commonly employed, 
nor does he claim any other feature of novelty except the use of a screw in the bow, acting 
in conjunction with a screw in the 
stem, as shown in fig. 132. But in 
this suggestion there is neither 
novelty nor invention. The appli- 
cation of screws at the bow and 
sides of the vessel, as well as at the 
stem, has often been proposed ; and rm’* row a.h» stsiw krrw nu>nu.sii. 

it was obvious to every one that 

these screws might either be used singly or in combination. Dallery, in 1803, and Mil- 
lington, in 1816, both proposed to use a screw in the bow, working in combination with 
a screw in the stem, so that there could be no originality in such a proposal in 1849. 



HICK AND GAITRIX. 1849. 

On the 28th February, 1849, a patent was taken out by John Hick, of Bolton, engineer, 
and William Hodges Gaitrix, of Salford, for improvements in steam engines, and in ma- 
chinery for propelling vessels. The improvement in propelling consists in the use of a 
form of propeller represented in 
figs. 133, 134, and 135., and of which 
the peculiarity is as follows: — To 
the extremities of a series of arms 
projecting from the propeller shaft, 
a number of plates or paddles arc 
attached ; but these plates, instead of 
being flat, os in Bemouilli’s pro- 
peller, or helical, as in the propellers 
of Delisle and Ericsson, are bent 
across from comer to comer, as 
shown by the diagonal line in fig. 

133., which represents one plate or paddle detached. These propelling plates are arranged 
into a hexagon, as shown in fig. 134., which is an end view of the propeller. From this 
configuration a double benefit will ensue : first, when the water which has been acted upon 
by the inner edge of the blade is carried out radially by the centrifugal action of the pro- 
peller, it there encounters the outer edge of the propeller, which has a greater pitch, and 
a new re-action is consequently obtained from the same water. Second, the water driven 
out by centrifugal action from the centre to the circumference of the propeller will, when 
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it encounters the step or bend in the plate, necessarily contribute to turn the propeller 
round ; and a portion of the power expended in giving centrifugal motion to the water will 
thus be recovered. Both of these objects are proper objects to pursue ; but they appear to 
me to be more conveniently attainable by the use of a propeller somewhat like that proposed 
by the Earl of Dundonald, in 1843, or by Mr. Hodgson, in 1844 ; for those screws correct 
the centrifugal action of the water, and they may be also formed with an increasing pitch. 
This may be done either by winding an inclined plane round a spire, as recommended by 
Rennie, or a curved line round a cylinder, as proposed by Emerson, Bourdon, Tredgold, and 
Woodcroft. 


DUGDALE AND BIRCH. 1849. 

On the 29th May, 1849, a patent was taken out by John Dugdale and Edward Birch, 
of Manchester, tool and machine makers, for improvements in constructing and propelling 
vessels. These improvements, as they are called, consist in such a configuration of the 
bottom of the vessel, that it resembles an arch in the cross section, thereby forming a 
channel, extending from stem to stem ; and in this channel, several screws of progressively 
increasing diameters, as they come nearer to the stem, are to be placed as shown in fig. 136. 



DtODAM AMI* BtRCll'S HlOrKUJIK. 


There is nothing new in the form of the propellers proposed to be employed, and the method 
of placing a screw in an arch in the bottom is one of the schemes mentioned by Marestier 
in 1824, ns having been before that time projected in America. The advantages of such an 
arrangement are by no means apparent, and tlessrs. Dugdale and Birch must be prepared 
with some project less remarkable for crudity, before they can hope to achieve much success 
in steam navigation. In the figure, three screws are shown upon the same shaft; and the 
screw shaft is driven by another shaft, rising in an oblique direction through the top of the 
arch — one end of this oblique shaft being connected to the screw shaft by a universal joint, 
while the otlier end is armed with bevel gearing, by which it is turned round. 
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ALEXANDER F. CAMPBELL. 1849. 


Figi. 137 , mi 138 . 


On the 20th June, 1849, a patent was taken out by Alexander Francis Campbell, of 
Great Plumstead, Norfolk, for improvements in a variety of apparatus ; among which is an 
improved method of propelling vessels. This improvement consists in the use of a propeller 
of the form represented in Jigs. 137, 138. 

The propelling blades form in their outline 
two right-angled triangles attached at the 
base to the propeller shaft ; but they stand 
so nearly in a line with the shaft, and have 
consequently so great a pitch, that they do 
not appear likely to be of much utility in 
urging forward the vessel. The propelling 
surfaces arc not to be flat surfaces, but arc 
to be formed of a' certain curvilinear shape, 
the nature of which is not very clearly de- 
scribed ; but any line drawn from the point 
a, to any part of the edge b c, and touching 
the propelling surface, will be a straight 
line. 



HENRY BESSEMER. 1849. 

On the 23rd June, 1849, a patent was taken out by Henry Bessemer, of London, en- 
gineer, for improvements in the machinery for raising and forcing water and other fluids, 
some of which improvements are available for propelling vessels. The form of apparatus 
proper for propelling vessels, is represented in fgs. 139 to 143, and the propelling instru- 
ment, it will be remarked, is a screw ; but as this screw is employed to give motion to 
water within a pipe, the arrangement falls rather under the category of expedients for pro- 
pelling by forcing water out at the stem, than under the head of screw propellers. 

Fig. 139. is a longitudinal section of the channel within which the screw is situated. 
Fig. 140. is an end view of the propeller, and Jig. 141. a cross section. Fig. 142. is a cross 
section at A B, of the pipe or channel, of which the exterior is shown in Jig. 143. 

The propelling blades, it will be remarked, are disposed on the periphery of a short, drum, 
which drum works within a short cylinder that is connected to the inlet and outlet pipes by 
appropriate flanges. The central part of the pipe before and behind this drum is provided 
with a core properly tapered off at each end, so os to promote an equable and unobstructed 
flow of the water; and cross partitions are introduced into the pipe as shown in Jig. 142. 
■with the view of preventing the water from acquiring the rotatory motion of the screw. 

I There is a good deal of ingenuity manifested in these arrangements, and an adequate 
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Fig$. 139, 140, 141, 142, and 143. 
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mechanical knowledge in the adjustment of the details. Nevertheless, I am not of opinion 
that this mode of propelling vessels is likelj to be found eligible in practice. The efficiency 
of a screw as a propeller is not increased by being enclosed in a pipe ; and the iriction 
of the water on the sides of a long pipe is considerable, and must occasion corresponding 
retardation. 

JOHN EUTHVEN. 1849. 

On the lOth August, 1849, a patent was taken out by John Ruthven, of Edinburgh, 
civil engineer, for improvements in propelling vessels by forcing water out at the sides 
through orifices pointing towards the stem. The form of apparatus employed by Mr. 
Ruthven is represented in Jig. 144. A centrifugal fan working in a case b b, draws water 
in through the bottom of the vessel, and dischaiges it in the direction of the arrows 
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through elbow pipes passing through 
the ship’s sides. Motion is given to the 
fan by a vertical shaft revolving with 
rapidity ; and the elbows from which the 
water issues are so formed, that the 
orifices of efflux may be pointed either 
ahead or astern. The vessel may be 
thus propelled forward or backward 
without the necessity of reversing the 
engine. 

There is very little novelty in any 
part of this contrivance. In 1661, 

Toogood and HayeS obtained a patent 
for propelling vessels by forcing water 
out through the bottom, and Rumscy, 

Linakcr, Lillcy and Frazer, Hale, and 
many others, have subsequently ob- 
tained patents for the same expedient. 

In several of the arrangements a re- 
volving fan was used for giving motion 
to the water, and in some of them the 
discharging orifices were susceptible of 
motion, so that the vessel might be re- 
versed without reversing the engine, or 
might be steered without the aid of a rudder. In Bodmer’s patent for 1844, revolving fans, 
armed with curved blades, are emplo 3 'ed for giving motion to a stream of water which is to 
propel the vessel ; and the orifices of efflux are susceptible of motion, so that they may be 
pointed either ahead or astern, or in any intermediate position. The object of this arrange- 
ment is to enable the vessel to be moved ahead or astern without reversing the engine, and 
also to md or supersede the action of the rudder in steering the vessel should such a resource 
happen to be required. Mr. Ruthven has certainly prosecuted the project under review 
with great assiduity, and is said to have obtained satisfactory results from its application. 
Nevertheless, as I do not perceive that he has cleared the arrangement of the large 
amount of rubbing surface which the water has had to encounter in previous projects 
operating on this principle, — and which has effectually interdicted their success, — I do not 
consider that Mr. Ruthven’s method of propulsion, as it now stands, is likely to be as 
effectual as the ordinary methods of propulsion in actual use. The existing impediments, 
however, I do not look upon as by any means insuperable, and the design of these 
remarks is not to discourage enterprizc, but rather to point out the course it must 
follow before it can be attended with success. 


Fi}. 144 . 
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ROBERT GRIFFITHS. 1849 . 

On the 13th September, 1849, a patent was taken out by Robert Griffiths, of Havre, in 
France, civil engineer, for improvements in steam engines, and in propelling vessels. In the 
specification of this patent, Mr. Griffiths, after describing various modes of communicating 
the motion of the engine to the screw-shaft, proceeds to explain the construction and 
action of an apparatus for determining the proper form of the screw-blades. The principle of 
this apparatus consists in the determination of the strength of the current at various points 
within the screw's disc, when the vessel is in motion, by suspending at diflfcrent points 
within the screw's disc small balls, the pull upon each of which is indicated upon a spiral 
spring fixed on the deck ; and according to the difference in the strength of the current in 
the different parts of the disc, as thus exhibited, the form of the screw is proposed to be 
modified. Another way of determining the best form of screw would be to form a small 
screw of gutta-percha, and to set it in operation in hot water which gradually should 
become cold. The screw being softened, would be moulded into the shape most proper 
for propulsion, and which form, when cold, it would retain. Provision would of course 
be made for employing a metallic cutting or leading edge for such a screw, and also a 
s])iml rim for keeping it in shape. The same object might bo accomplished in cold 
vmter, by covering a common screw with Indian rubber, and introducing between the 
Indian rubber and the metal some such substance as plaster of Paris, which is at 
first soft, but gradually solidifies under water. This substance would be moulded by 
the water, when the screw was put into revolution, into that shape most proper for 
propulsion ; and as the plastic substance would solidify, the form would be retained. All 
screws, however, are, I consider, virtually moulded into an improved shape when 
they are in operation. For all bodies passing rapidly through water, carry a film of 
water of considerable thickness with them ; and since the screw must by its rapid 
rotation become as it were clothed with water, upon which the reacting water impinges, 
it will follow that where the force of impact is greatest, the film of water will be indented, 
and the surface of the film will acquire a more eligible configuration than the screw 
itself possesses. If this view be just, it will follow that although the metallic core 
has a uniform pitch, the aqueous covering will have an expanding pitch, as would 
be seen to be the case if the enveloping film were frozen, and the screw removed from 
the water. In a screw with an expanding pitch there will be no redressing action of 
this kind, and the adhering film will be spread in a uniform thickness over the surface 
of the screw. 

The main improvements in the mode of propelling vessels proposed by Mr. Griffiths, 
consists in the use of a form of propeller represented in figs. 145, 146, and 147. ; Jig. 145 . 
being a longitudinal section, and Jig. 146. a transverse section of it. a is the propeller 
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shaft, upon which is fixed a boss h, provided with sockets for receiving the ends of the 


Figt- 145. 146. And 147. 




OBiFrtTKB' MLT'AlVIVRrraQ rBOPBLLUL 


propeller arms, c c are the propelling 
blades, and d d arc short levers by 
which the arras of the propelling blades 
may be turned round somewhat in their 
sockets, so as to alter the angle which 
the blades make with the shaft. « is a 
half globe connected with the boss A, 
which slides on the shaft and acts upon 
the levers d d. The whole of these parts 
are enclosed within a boss ff, which may 
be spherical, or of other appropriate form. 

» is a lever of which the fulcrum t' is 
fixed to the vessel. A rody connects the 
lever i with the spring t, of which a side 
view is given in yiy. 147. It will be obvious, on inspecting the figures, that by moving 
the sliding boss A endways on the shaft, the propelling blades c c will be turned round 
so as to make a greater or less angle with 
the shaft; and the intention of the arrange- 
ment is, that when from any cause the screw 
moves with a greater velocity than usual, the 
increased resistance of the leading edge of the 
blades shall, by turning them round against 
the spring, correspondingly increase the pitch, 
whereby the resistance to the projxjller will be 
increased, and the engine will be brought back 
to its accustomed spccil. Figs. 148. and 149. 
are other forms of propeller which the patentee 
proposes to employ. 


Figt. 148. and 149. 



oRirrmiK sBtr-AtKa«Ttsro pbopcllcr. 


BUCKWELL AXD APSEY. 1849. 

On the 2nd November, 1849, a patent was taken out by William Buck well, of Battersea, 
civil engineer, and Joseph Apsey, of London, engineer, for improvement in steam engines 
and in propelling vessels. The specification of this patent is not illustrated by drawings, 
but so far as I can understand the plan it is as follows: — To the end of the propeller shaft 
a cone, or hyperbolic or parabolic solid, is affixed, -with its largest end towards the vessel ; 
and upon the surface of the solid triangular plates or “ flyers” are to be disposed spirally so 
as to be efficient in propelling. The edges of the propelling blades arc to range in the same 
plane as the central line of the cone ; or at the apex of the cone the edges of the propelling 
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blades may extend somewhere beyond this plane. In such case the patentees prefer that the 
diameter of the propeller in the plane of the ai>ex of the cone shall be twice the diameter of 
the propeller at the base of the cone. The length of the propeller is to be equal to its greatest 
diameter, and two propelling blades are proposed to be employed. The intention of this 
propeller is to imitate the action of a fish's tail. 


FLORID HEIXDRVCKX. 1830. 


On the 15th April, 1850, a patent was taken out by Florid Heindryckx, of Brussels, 
engineer, for improvements in projielling. The form of propeller proposed to be employed 
is represented in Jign. 150, 151, and 152. Uixm each side of the propeller shaft a flat blade 



is to be placed, and is to be fixed to the shaft at one corner, as shown in Jig. 152. These 
blades arc to be of steel, or other flexible material ; and when put into revolution they will 
assume the position shown in Jig. 151., and will act in propelling the vessel. This may, 
therefore, be regarded as another form of Macintosh’s flexible propeller; and the form is less 
eligible than that proposed by Macintosh, and the defects quite as conspicuous. A vessel 
with a propeller of this kind could not back at all ; for the vessel would be propelled 
fonvard in whatever direction the engine were turned round. 


JOHN TUCKER. 1850. 

On the 1st June, 1850, a patent was taken out by John Tucker, of Woolwich, shipwright, * 
for various improvements, of which one is an improved method of propelling vessels. The 
propeller proposed to be employed is a screw; and the principal novelty professed, is the 
mode of its application, and the expedient adopted for raising it out of the water. The 
nature of these arrangements is shown in Jigs. 153, 154, and 155. The screw, instead of 
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being situated in the deadwood, is placed behind the rudder; and the shaft emerges from 
the ship, not at the stern post, but at a sufficient distance to one side of it, to allow the 

153, 155. Mill 155. 



TiCKUt’ii aiODB or ATTACicDto THK scBEw morsiXBtu 


rudder to act; and a notch is cut in the rudder for the reception of the shaft when the 
rudder is put hard up. As the stern post is not pierced Ijy the shaft, it is not weakened by 
it ; but a bracket is bolted upon the side of the stem post to support the shaft in its right 
position. For the purpose of raising the screw out of the water, a shaft is introduced above 
the screw shaft ; and from this upper shaft an arm depends, the lower end of whicli 
embraces the screw. The superior shaft being pushed somewhat on end by mcclianism 
introduced for that purpose, carries with it the hanging arm, and disengages the screw 
from the square end of the screw shaft. The sujierior shaft is then put into slow 
revolution, carrying the arm with it, and thereby lifting the screw out of the water. The 
arms of the screw are proposed to be encircled by hoops to prevent them from being foulcrl 
by ropes or chains. 

There is nothing original in this patent. Seaward and Maudslay both proposctl to carr)' 
the screw shaft through the vessel at the one side of the stern post in 1846, and the screw 
was also to operate behind the rudder in their arrangements. The mode of lifting the 
screw out of the ivater is almost identical with that employed by Ericsson many years ago 
in the Massachusetts ; and the plan of encircling the propeller by hoops had been 
previously propounded by Delisle, Church, Ericsson, Biram, Rosenborg, and others, — in some 
cases with the view of preventing the entanglement of ropes and ice. 

GEORGE HENRY PHIPPS. 1850. 

On the 5th April, 1850, a patent was taken out by George Henry Phipps, of Stockwell, 
in the county of Surrey, engineer, for improvements in propelling vessels. The design of 
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this patent is two-fold. First, to introduce u better form of vessel, which will enable the 
screw to act with greater efficiency; and, second, to introduce a new arrangement of screw, 
which will produce a more satisfactorj’ result than the arrangements heretofore adopted. 
The nature of these innovations will be understood by a reference to figs. 156. and 157., of 
which one is a vertical section of the stern jwrtion of a vessel, and the other a ground plan. 
The screw, instead of being placed in the deadwood, is hung abaft the stem post, but a 
portion of the stern projects over the screw, and from this projecting portion the rudder is 
suspended. The peculiarity in tlie formation of the ship consists in converging all the 
water lines beneath the level of the top of the screw so that they will meet in the stern post 
A B, and all the water lines above the level of the top of the screw so that they will meet 
in the rudder post C D. On the plan, the lines meeting in A B are represented by the 
dotted lines a b, and the lines meeting in C D are represented by the dotted lines c d. It 
is supfioscd that from this formation of the hull, a better performance of the vessel would be 
obtsuned, than if the screw were introduced into a hole in the deadwood, and this 
supposition would certainly be correct if it were the fact that in vessels with the screw so 
placed the lines of the vessel terminated in tlie rudder post, and, therefore, left a square 
tuck in advance of the screw. But in all ordinary screw vessels, the water lines terminate. 


Figt. IS6. aoU 197. 



not at the rudder post, but at the stern post, and the part of the vessel extending beyond 
the stem post is merely a framing for carrying the nidder, and for supporting the outer 
end of the screw shaft. This mode of construction is very plainly set forth in Cummerow’s 
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patent of 1 829. The rudder post is there termed a false stem post j but the water lines 
beneath the level of the top of the stern post terminate in the post in advance of the screw, 
which is the true stem post, and which substantially constitutes the after-end of the ship. 

The new arrangement of screw which the patentee proposes, consists in such a configura- 
tion and combination of the driving parts, that the screw may be raised and sunk in the 
water, and worked at any point of elevation that may be desired ; » is the engine shaft 
passing through the stufiSng-box e, into the trunk t, which is full of water, and communi- 
cates freely with the sea. / is the screw shaft, connected at one end to the engine shaft 
by means of a universal joint, and passing near the other end through a sliding block A, 
which block is suspended by two screwed rods k, provided with appropriate nuts at /, by 
turning which the block may be rmsed or lowered, carrying with it the screw propeller. By 
this arrangement, the propeller may be raised or lowered to any point of elevation, even 
when the vessel is under weigh. 

The idea of raising or lowering the propeller, by employing the intervention of a 
universal joint, was propounded by Shorter in 1800, by Trevithick in 1815, and by 
Millington in 1816 ; but their modes of accomplishing the object are very much less perfect 
than that proposed by Mr. Phipps. In screw vessels employed upon coasting voyages, and 
in which the draft of water is restricted by the necessity of entering shallow waters, I 
consider the power of raising and lowering the screw to be indispensable to their cflBcicncy, 
if the ordinary form of screw be retained ; and the arrangements proposed by Mr. Phipps 
for this purpose are the best that have fallen under my observation. 

GASPARD MALO. 1850. 

On the 20th of June, 1850, a patent was taken out by Gaspard Malo, of Dunkirk, in 
France, shipowner, for improvements in propelling vessels. These improvements are 
three-fold. First, the use of a screw composed of a number of narrow blades, which 
may be shut up like a fan when the vessel is under sail ; second, an improved form 
of bearing for the neck of the screw shaft ; and third, a method of strengthening the 


FigM. 1S8, H9, and 160. 
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hole in the dcadwood, by the application of a metal framing secured by stays. The 
details of these modifications are represented in jigs. 158, 159, and 160. Fig. 159. is 
a section of the neck of the shaft and its encircling bearing, made through f f’, Jig. 160. 
The blades ‘5 5, ce are arranged in pairs at right angles with each other, and each pair 
is fitted to a separate axis, the one passing through the centre of the other. When it is 
required to bring the screw into action, the external or tubular axis is turned round 
b)' means of the endless screw and wheel g g, — the central axis the while remaining 
stationary ; and the blades are thus drawn out in the manner of the blades of a fan. //is 
the stuffing box. The blades do not appear to be portions of a true screw, being 
described to be like the blade of an oar. 

There is nothing that is of value in this patent, and but little that is original. \ 
considerable time before its date, and before any eligible method had been matured of 
lifting the screw out of the water, Jlessrs. Seaward made models of a screw which should 
shut up in the manner here proposed ; but the plan was never reduced to practice, 
having obvious objections. 


WILLIAM EDWARD NEWTON. 1850. 

On the 22nd August, 1850, a patent was taken out by William Edward Newton, 
of London, for improvements in the construction of screw ships and vessels, being 
a communication from a foreigner abroad. These improvements consist merely in forming 


the stern part of the vessel very deep like a 
may be applicable, and so that the screw 
may work in deeper water, and be less liable 
to be laid bare when the vessel pitches in 
a heavy sea. Fig. 161. is a section of such 
a vessel near the stern, and Jig. 162. a section 
of the same vessel near the bow. An ap- 
proach to this method of construction has 
always been adopted by judicious builders, so 
far as they could reconcile it with the other 
conditions they had to obsert'e, and it is pre- 
scribed, moreover, in Buckwell’s patent of 1849. 


yacht, so that a larger diameter of screw 
Fig$. 161. and 162. 




RCWTOX’S CORrtGVRATlOlf OR SCRKW VAMUtA 


COCHRANE AND FRANCIS. 1850. 

On the 5th September, 1850, a patent was taken out by William Erskine Cochrane of 
London, and Henry Francis of llotherhlthe, for improvements in propelling and steering 
vessels. The method of propelling consists in the use of propelling blades or levers dipping 
into the water amidships, and the improvement in the mode of steering consists in the use 


Digitized by Google 



HISTORICAL ACCOUNT OF THE SCREW PROPELLER. 


79 


of a balance rudder stepped into a projection of the keel, or in the use of two balance 
rudders not stepped into anything, but hung over each quarter. Neither expedient is novel, 
and rudders in the quarter have not been found to operate in a satisfactory manner. 

JOHN BEATTIE. 1850. 

On the 5th September, 1850, a patent was taken out by John Beattie of Liverpool, 
engineer, for improvements in steering screw vessels. The rudder, instead of being formed 
in the usual way, is placed in an iron frame fixed to the stem post and keel, and the pro- 
peller is situated abaft the rudder and frame. The 
rudder is formed in two portions a a.,ju]. 163., which 
arc joined together by an eye 164.), which enables 
them to act together os if they were one piece. The 
screw shaft passes through a bearing b, in the frame 
encircling the rudder, by which means the strain is 
taken off the stuffing box s. The patentee claims 
the exclusive right to form rudders so that the shaft 
may pass through them in the manner represented. 

But such a claim it is clear cannot be maintained. 

Ericsson in 1836, Carpenter in 1840, Sunderland in 
1843, and others since that time, have formed the 
rudder in this manner. Montgomery, in 1846, 
placed the rudder in a frame, and in his plan the screw shaft passed through an oval eye in 
the rudder, which was of the balanced kind. 



ETHAN BALDWIN. 1850. 

On the 19th of June, 1850, a patent was enrolled by Ethan Baldwin, for a new mode 
of constructing screw propellers. The forms of propeller proposed are represented in jigs. 


165. and 166., and the mode of construction 
is as follows : — a disc of metal similar to a 
circular saw before the teeth are cut, is divided 
radially from the centre to the circumference; 
it is then passed over a central shaft. The 
two edges A and B are forcibly drawn from 
each other, and are fixed to the shaft in that 
position. The patentee states the distance tlie 
two edges should be drawn asunder must not 
be less than half the diameter of the disc, or 
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more than two thirds of the diameter; and the latter proportion is the one shown in the 
figures A screw is thus produced of a form approaching the true helix, and possessing 
the advantage of being easily made out of malleable iron ; whereas a screw made in the 
ordinary way, if of malleable iron, is necessarily very expensive. 


HENKY WIMSHUKST. 1850. 



Figi. 167. &Dd 188. 


On the 12 th of November, 1850, a patent was granted to Henry IVimshurst, of London, 
shipbuilder, for an improved method of applying the screw to the propulsion and manoeuvring 
of vessels. The first of these improvements has reference to a method of enabling the 
propeller to be raised or lowered in the water. The propeller shaft, is carried through the 
ship at one side of the stem post, 
and is fitted with a universal joint 
at a. Jig. 168., to permit the pro- 
peller to be raised or lowered with- 
out interfering with tlie shaft of 
the engine. The end of the shaft 
is guided in a vertical direction 
by a slide plate of a T shape, and 
the bearing b, by which the end 
of the shaft is supported, is raised 
or lowered by screws, put in con- 
nexion with a winch handle upon 


WtMSIIt'&n’S NET1(0[> or moi'EUJJIO *SO MAJOML'VIUSO 


deck. 


The method of manceuvring vessels is shown mjig. 167. A screw is applied in the bow 
of the vessel with its axis at right angles with the vessel’s course, and by turning this screw 
in either direction, the bow is deflected accordingly. The arms of this screw are so made 
as to be capable of turning upon their axes so as to present their edges more or less to the 
water, and appropriate mechanism is introduced to regulate their movements in the manner 
required. 


BENXETT WOODCROFT. 1851. 

On the 30th January, 1851, a patent was granted to Bennett Woodcroft, of London, 
for a method of varying the angle of screw propeller blades. The pro[>eller blades are con- 
structed with cylindrical necks, which necks fit into round holes in the boss of the propeller; 
and by turning these necks round more or less, the angle of the blades is varied cor- 
respondingly. The details of the arrangement prescribed by this patent will be appre- 
hended by a reference to Jigs. 169. and 170. 
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FigM. 169. aDd 170. 




wooDCBorr’t xmioD or rAsmro the axolx or 
8CAEW rsonuxEB sljldea. 


To the neck of each propeller blade is fixed a 
screw wheel c, which, when acted upon by a wonn, 
is made to revolve, carrying the blade with it. The 
worm wheel is moved by means of a small spur 
wheel b, fixed to the same shaft, and which is driven 
by a larger spur wheel a, keyed to the hollow shaft, 

A, tlirough which the main driving shall, s, passes to 
the boss of the propeller. The shaft A, may be moved 
by any of the well-known means for that purpose. In 
some of the arrangements represented, the wheel work 
is dispensed with, and two short crank arms are fixed 
to the propeller shank inside the boss, to the ends of 
which rods are secured, passing through the fore end of the boss to a clutch box on the 
shaft ; and by moving this clutch, the angle of the blades is altered. In order to retain 
the blades in the position desired, a second clutch is placed upon the shaft near to the boss ; 
from this clutch wedges pass into the boss j so that upon end motion being given to this 
clutch, the wedges arc forced between the necks of the blades and the propeller boss, and 
the blades are thus jammed at the angle desired. 

Another arrangement specified, is similar to that first described. Instead of the screw 
wheel c, a spur wheel is introduced, which is acted upon by a rack moving longitudinally 
within the boss. This rack is connected by a rod to a clutch box, resembling that already 
described. The same system of wedging is also employed in this case. 

An arrangement of apparatus is also described, by means of which the vessel may be 
manoeuvred in the water. The propeller vanes are so arranged, that they are made to pass 
edgeways through the water during one portion of their revolution, and sideways through 
the water during the remaining portion of their revolution. This feathering of the blades 
is effected by means of the crank arms attached to the necks of the blades already described ; 
and the rods passing from these arms are carried to a stationary cam block, by which the 
necessary motion for feathering is imparted in the revolution of the propeller shaft. 


CAPTAIN GEOBGE BEADON. 1851. 

In the month of April, 1851, a new form of screw was registered by Commander 
George Beadon, of the royal navy. This screw is represented in Jig. 171., and it is sub- 
stantially a half turn of a double-threaded screw, like that used in the Archimedes, with 
certain portions of it cut away. This appears to me to be a judicious form of screw as 
regards efficiency, inasmuch as the cutting edge, by not coming into such direct and rapid 
contact with the water, will not experience so much resistance. But the form does not 
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appear to be so strong as the common form of screw ; and it also occupies more length 
in the deadwood. 


HENHY LUND. 1851. 

On the .80th April, 1851, a patent was taken out by Henry Lund, of London, for im- 
provements in propelling by the use of what are termed rowing propellers. The propellers 
act somewhat in the manner of ordinary oars, but, like the screw, they are totally immersed 
in the water ; they consist of two long flat blades, the one in a line before the other, and 
coupled together by a boss, to which a partial rotatory motion is communicated from the 
engine shaft. This motion gives a reciprocating action to the blades, the one passing 
towards the stem, while the other is making the return stroke. By means of gearing 
within the boss a feathering action is given to the blades, the edges of the blades being 
presented to the water during their back stroke. These propellers arc placed cither amid- 
ships (in which case they are under the bottom of the vessel in a horizontal line), or they 
are placed in duplicate on each side of the dead wood, where they arc inclined more or less, 
following the lines of the transverse section of the vessel. 


ALFRED B. STURDEE. 1851. 

In 1851, a pamphlet was published by Alfred B. Sturdee of Woolwich, Xaval Architect, 
descriptive of a species of steam vessel which he had proposed in 1848, as being peculiarly 
applicable to the screw propeller. This form of steamer he calls a “ Twin-stem Steamer.” 
The bow is like the bow of a common steamer, but the body, at about the middle of its 
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length, splits into two bodies, each of which is provided with a rudder, and in the central 
tunnel thus formed the screw is placed. This form of vessel was patented in America by 
John L. Smith of Charleston, South Carolina, in the year 1835. 

CAPTAIN CAKPENTEK, 1851. 

On the 13th May, 1851, a patent was enrolled by Captain Edward John Carpenter, 
of the Royal Na%’y, for improvements in screw propelling. The first of these improvements 
has reference to the form of the vessel. The body of the vessel, at about the middle of its 
length, is to split into two bodies, which are to terminate in two rudders, as in the plan 
last described ; but instead of putting the screw in the tunnel. Captain Carpenter puts a 
screw in each of the dcadwoods, as represented in Jigs. 172. and 173. Captain Carpenter 
also describes a species of propeller, which is constructed by attaching a flat blade to the 

Figt. 173. and 173. 


CABPKirnR'B DVPLRX RITDOEB ARD SOUtW rSOrSLLKR. 

shaft, at an angle of 67 J degrees, and then twisting it until its outer edge assumes an angle 
of 22| degrees with the shaft. The object of this construction is the same as that of 
Baldwin’s — economy. A method is also described of unshipping the propeller blades. 
The ordinary catch is converted into a grip-block, which lifts each blade separately out of 
its socket when the keys attaching it thereto have been withdrawn, and the keys are made 
to pass through the boss inboard. 




Here, then, I close my recapitulation of the various projects which have been pro- 
pounded at diflerent times for propelling vessels by means of a screw ; and in all this wide 
array of inventions how few have had sufficient vitality to outlive the stimulus of novelty 
which attended their initial promulgation, and how few of the inventors Imve been succes.sful 
in working out any useful result ! ' A large proportion of the plans I have described were 
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susceptible of beneficial practical application. Several of them, in fact, were tried. Never- 
theless, up to the time at which Smith and Ericsson appeared, no permanent or practical 
progress had been made in screw propulsion. In 1836, when their patents were taken out, 
no vessel was in existence which was propelled by a screw. Experiments, indeed, had been 
made both in this country, in America, and in France, showing that, by means of a screw, a 
vessel might be propelled through the water. But the recollection of these experiments had, 
in a great measure, died out, and what remained of it operated rather as a discouragement 
than a provocative to enterprise, since it carried the presumption that, if the mode of pro- 
pelling by a screw, when tried, had been found satisfactoiy, it would not subsequently have 
been relinquished. L 3 rttleton in 1794, Shorter in 1802, Stevens in 1804, Bourdon in 
1824, Brown in 1825, and Waddell and others, at different times had tried to propel vessels 
by means of a screw, and had attmned a certmn measure of success in their operations. 
But these inventors appear to have been deficient in that persistency of effort which is the 
main requisite of progression, and probably, too, circumstances had not ripened sufficiently, 
at the time they worked, to enable such a quality to produce its natural results. Whatever 
theory, however, we may form upon this subject, it is at least certain that up to the time at 
which Smith took up the subject in this country, and Ericsson in America, no practical progress 
in screw propelling had been made ; whereas, since that time, and mainly in consequence of 
their successes, the progress of the art has been rapid and uninterrupted. I take no 
account in such a retrospect of small questions of detail. I do not think it necessary to 
ask whether the particular propellers, by which this revolution in the art of steam 
navigation was accomplished, were better or worse intrinsically than other propellers, whoso 
existence had been limited to paper or to the sphere of Polytechnic toys or ineffectual cx- 
j)crimcnt. It docs not appear to be a reasonable expectation, that the best possible forms of 
screw should be those which were first practically applied, and it was a fair presumption 
that better forms than any knoivn in the infancy of the system should afterwards be dis- 
covered. But as such a discovery could not diminish the credit due to Messrs. Smith and 
Ericsson for having practically introduced this new method of propulsion, so neither should 
it diminish the emoluments properly accruing from their successful exertions. In fact, the 
introducers of new forms of screws cannot, in equity, be set upon the same level as those by 
whom screw propelling has been established practically as a new art. The service rendered 
by the inventor of a new form of screw ends when his invention is superseded by one still 
more eligible. There, too, should end the profits of his invention. But the service rendered 
by those who practically establish a new art continues through all its developments, 
and ends only when the art itself is eventually discarded. Two distinct questions, in fact, 
here present themselves for consideration. The one is, in what order of mechanical merit 
we must rank the various projects which have been passed under review ; and the other is, 
to whom, among all the authors of these projects, we arc indebted for the practical establish- 
ment of the art of screw propelling. Upon the first point it would be hopeless to expect 
any unanimity of opinion, and those who wish to employ any particular form of screw which 
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is novel, and involves invention, should be prepared to pay the inventor for the privilege. 
But no such tribute can release them from their obligations to those who were practically 
the authors of the art, and who have in equity a higher and larger claim than any 
contrivers of alternative apparatus, since they have overcome greater difSculties and 
conferred greater benefits. 

The introduction of a new art constitutes a salient feature of an age ; and the rewards 
due to such an achievement should not be grudgingly measured out by the legal standard 
of merit, which recognizes only the conditions of routine practice, but should lie referred to 
a higher tribunal, which, taking cognizance of the difficulties sunnounted, and the public 
benefits conferred, should decide in accordance with the spontaneous dictates of plain sense 
and plain honesty. In our own country, the persevering struggles of Smith have mainly 
contributed to the establishment of screw-propulsion, — a system which seems destined to 
mark a new and important epoch in our maritime and commercial history : and it would 
only be a fitting expression of national gratitude if this revolution were inaugurated by 
conferring on its author national honours, and a national reward ; while such an event 
would harmonise with the tenor of a reign, distinguished by its appreciation and en- 
couragement of the arts, and a lively interest in all that pertains to the common weal. 
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CHAPTER II. 

PRACTICAL INTRODUCTION OF THF, SCREW PROPELLER. 

In this chapter I propose to place upon record the more important incidents connected 
with the practical introduction of the screw as a proix;lIer. These incidents date from the 
time that the subject was taken up by F. P. Smith and Captain .John Ericsson. Previous 
attempts to propel vessels by a screw, but which led to no useful result, have been 
already noticed ; and I have now to give an account of those operations, from which the 
e-xisting practice of screw propelling has been derived. 

In 1835, F. P. Smith, then a fiirmer at Hendon, had his attention first directed to 
the subject of screw-propulsion. In the spring of 1836, he obtained the co-operation 
of Mr. Wright, the banker; and his patent was granted on the 31st May, 1836. A 
model boat, which he hod constructed, and which was fitted with a wooden screw, was then 
e.xhibited in operation, upon a pond on his farm at Hendon, and at the Adelaide Gallery 
in London. At the latter place it was inspected by Sir John Barrow, then secretary of 
the Admiralty, and an oBer was made by Messrs. Harris and Bell, of .lUcxandria, to purchase 
the invention for the Pasha of Egypt, but this offer was declined. 

The results obtained with the model boat were deemed so satisfactory, that in the 
autumn of the same year, Mr. Smith and his friends constructed a boat of six tons burthen, 
and about six-horsc-power, in order further to demonstrate the advantage of the invention. 
This boat was fitted with a wooden screw of two turns. On the 1st of Xovember, 1836, 
she was exhibited to the public in operation on the Paddington Canal, and she continued 
to ply there and on the Thames until the month September, 1837. During one of the trips 
on the Paddington Canal in Februaiy, 1837, an accident occurred which first pointed out 
the advantage of diminishing the length of the screw. The propeller having come in 
contact with some object in the water, about one half of its length was broken away, and 
no sooner had this been done than the boat quickened her speed, and was found to realize 
a better performance than before. In consequence of this discovery, a new screw was 
fitted of a single turn, and with the vessel thus improved, very satisfactory results were 
obtained. 

But although these experiments established in a great measure the eligibilitj' of the 
screw as a propeller in the case of canal and river vessels, nothing had yet been done that 
was then generally known or remembered, to show that it was applicable to vessels navi- 
gating the Sea. To this point, therefore, Mr. Smith now directed his attention, and he 
determined to carry his small vessel to sea, with the view of ascertaining if she there ex- 
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hibited a similar efficiency to that displayed in the case of canal and river navigation. Ac- 
cordingly, on a Saturday evening, in the month of September, 1837, he proceeded in his 
miniature vessel from IMackwall to Gravesend, where, having at three in the morning taken 
in a pilot on board, he went on to Ramsgate, and reached that place the same morning 
during divine service. From Ramsgate he proceeded to Dover, where a trial of the vessel’s 
performance was made in the presence of Mr. John Wright, and of Mr. Peake, civil engineer. 
From Dover be went on to Folkestone, and from thence to Hythe, returning again to 
Folkestone. The distance between Hythe and Folkestone, which is about five miles, was 
accomplished in about three quarters of an hour. On the 25th of the same month he 
returned to London, in weather so stormy and boisterous, that it was accounted dangerous 
for any vessel of so small a size to put to sea. The courage of the undertaking, and the 
unexpected efficiency of the propeller, rendered the little vessel during this voyage an 
object of much interest ; and her progress was w'atchcd with solicitude from the cliffs by 
nautical and naval men, who were loud in their praises. These favourable impressions 
reached the Admiralty, and produced a visible effect there. In March, 1838, the Lords of 
the Admiralty requested Mr. Smith to have the vessel tried under their inspection. Two 
trials were accordingly made, which were considered satisfactory ; and thenceforth the 
adoption of the propeller for the naval service was deemed not an improbable contingency. 

Before finally deciding, however, upon the adoption of the propeller, the Lords of the 
Admiralty considered it desirable that an experiment should be made with a vessel of at 
least 200 tons ; and Mr. Smith and the gentlemen associated with him in the enterprise, 
accordingly resolved to construct the Archimedes. This vessel was of the burthen of 237 
tons. She was designed by Mr. Pasco, was laid down in the spring of 1838, was launched 
on tho 18th October following, and made her first trip in 1839. She was fitted with a 
screw of one convolution, which was set in the deadwood, and was propelled by two engines 
of the collective power of 80 horses. Her cost was 10,500Z. She was built under the 
persuasion that her performance would be considered satisfactory if a speed was attained of 
four or five knots an hour ; and that in such an event, the invention would be immediately 
adopted for the service of the navy. Nearly twice this speed was actually obtained. 

After having made various trials on the Thames and at Shcerncss, the Archimedes 
on the 15th May, 1839, proceeded to sea. She made the trip from Gravesend to Ports- 
mouth, under adverse circumstances of wind and water, in twenty hours. At Portsmouth 
she was tried against the Vulcan, one of the swiftest vessels in Her Majesty's service. 
The trial took place liefore Captain Crispin, Admiral Fleming, and other competent authori- 
ties, who acquired from the result a very high opinion of the efficiency of the screw as a 
propeller, and this opinion they expressed in writing to Mr. Smith. These successes were 
achieved by a screw of one complete convolution ; and, although it has subsequently been 
found beneficial to reduce the length of the screw to less than a convolution, it is certain, 
nevertheless, that a screw of a whole turn is an efficient propeller. 

Soon after this time the Archimedes had to return to London, in consequence of an 
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accident having occurred to the boilers, and new boilers were fitted, which occupied a 
period of five months. She was then sent to the Texcl, at the request of the Dutch Grovem- 
ment, whose interest her performances had excited ; but on the way thither, she broke the 
crank shaft of one of her engines. She was consequently put into the hands of Messrs. 
Miller, Ravenhill, and Go., to undergo a complete repair, and at the same time the form of 
her screw was altered, by dividing the one whole turn into two half turns, which, being 
placed on the opposite sides of the axis, gave to the propeller the character of a double 
threaded screw of half a turn. In April, 1840, the Admiralty despatched Captain Chappell 
of the Royal Navy, and Mr. Lloyd, the chief engineer of Woolwich dockyard, to conduct a 
series of experiments upon the vessel at Dover. During April and May these experiments 
were carried on, and the speed of the Archimedes was tested relatively with that of the 
mail packets on the Dover station. The result was a highly favourable report to the Ad- 
miralty, stating that the success of this new method of propulsion had been completely 
proved. 

Immediately after these experiments were concluded, the vessel was placed at the 
disposal of Captain Chappell who, accompanied by Mr. Smith, performed with her the 
circumnavigation of Great Britain, visiting in their progress every sea-port of importance, 
so as to afford slupowners, engineers, and others, an opportunity of becoming acquainted 
with this new mode of navigation. Everywhere the vessel became an object of wonder 
and admiration. Heretofore engineers had been almost unanimous in the opinion that a 
screw would occasion a serious loss of power from the obliquity of its action, and the 
consequent dispersion of the water; and it was concluded, therefore, that it would be 
ineligible as a propeller. In this opinion I perfectly remember I concurred. But it was 
impossible to resist facts such as the performance of the Archimedes afforded. Ancient 
opinions, in many cases negligently taken up, had to be modified or abandoned ; and, 
although few engineers would yet accept the conclusion that the screw was a better 
propeller than the paddle, it nevertheless became clear that their original impressions were 
to a certain extent erroneous, and might be erroneous altogether. Thenceforth they looked 
upon the screw with less distrust, and spoke with less dogmatism of its disqualification . 
But at the outset it was not merely against physical difficulties, but against the almost 
universal sentiment of the engineering world, that the authors of the screw propeller had 
to work in accomplishing its practical introduction. Before these combined impedimenta 
countless inventors had succumbed, and it is difficult to overrate the merit of those who, 
without the consolations of sympathy, and in spite of a scepticism well nigh universal, 
preserved their o^vn faith unshaken, and laboured steadily onward until their labours, 
pains, and perils, had a final issue in successful achievement. 

After the Archimedes had accomplished the circumnavigation of Great Britain, she 
made a voyage to Oporto. This voyage was performed in 68J hours, and was at the time 
held to be the quickest voyage on record. She also visited Antwerp and Amsterdam, 
passed through the North Holland Canal, and made a great number of trips to other places, 
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leavinjf everywhere the impression that she had succeeded in demonstrating the prac- 
ticability of propelling vessels by a screw in an efficient manner. She was next lent to 
Mr. Bnincl, who perfonned various experiments with her at Bristol, after having fitted her 
with screws of several different forms. The result was considered so satisfactory, that the 
Great Britain, originally intended to be propelled by paddles, was altered to adapt her to 
the reception of a screw. 

Sleanwhile the Admiralty had determined upon adopting the screw for the service of 
the navy, and in the merchant service an opinion had arisen equally favourable to its 
eligibility. In 1840 and 1841, the Princess Koyal was built at Newcastle, the Margaret 
and Senator were built at Hull, and the Great Northern, a vessel of about 1500 tons 
burthen, was laid down at Londonderry in Ireland. All these were merchant vessels. In 
1841 the Rattler, the first screw vessel built for the navy, was laid down at Sheemess. 
This vessel, which is of 888 tons burthen, was launched in the spring of 1843. The Rattler 
u-as fitted with a screw the same in every respect as the screw of the Archimedes ; namely, 
a double-threaded screw, of half a convolution. But the length of the screw was subse- 
quently reduced, and it was found tliat the best results were obtained with a length of 
screw answering to one-sixth of a convolution. In the years 1843, 1844, and 1845, an 
extensive series of experiments was made in the Rattler, upon screws of various forms, and 
under varying circumstances of wind and water. The perfonnance of the vessel was found 
to be so satisfactoiy, that the Lords of the Admiralty ordered twenty vessels to be fitted 
with the screw under Mr. Smith’s superintendence. The screws introduced into these 
vessels were in every case double-threaded screws, set in the deadwood, after the fashion 
adopted in the Archimedes and the Rattler ; and the whole of the screw vessels built in this 
country have been constructed upon this original type. 

Such, then, has been Smith’s career, and such its results : it now only remains that I 
should recapitulate the leading incidents in the career of Ericsson. His course has been 
nearly a parallel one, and it has been equally remarkable for its successful issues. Probably 
the exertions of either would have sufficed to introduce the screw into practical operation ; 
but their simultaneous prosecution of the same object, was not, nevertheless, a waste of 
power. The progress of each was stimulated by the progress of the other, and their united 
force acted more powerfully upon the public, and procured for the screw a readier and 
wider introduction than could otherwise have been expected. 

Captain Ericsson is a Swede, and formerly held a commission in the Swedish army. 
But for a number of years previous to the date of his patent for propelling vessels, he had 
been resident in England, and was well known as a mechanician of great originality and 
skill. His patent was taken out in July, 1838, and during that year he made numerous 
experiments in London, with a model boat about 2 feet long, to determine the merits of his 
propeller. The boat was made to sail round a circular vessel of water, tlie small engine in 
the boat being driven by steam conveyed through an upright pipe, which revolved at the 
centre of the vessel of water, and from whence a tubular arm extended to the engine. The 
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results attained in this way were considered satisfactory, and in 1837 a vessel 45 feet in 
length, 8 feet beam, and 3 feet draught of water, was built on the Thames, in order to test 
on a larger scale the merits of the invention. This vessel, which was called the Francis 
15. Ogden, was launched on the 19th April, 1837, and was tried on the 30th April in the 
same year. Her success was very retnarkable. She at once attained a speed of 10 miles 
an hour. A schooner of 140 tons was towed by her at the rate of 7 miles an hour, and the 
American packet ship Toronto was towed at the rate of miles an hour. These experi- 
ments were many times repeated with similar success, and during the summer of this year. 
Captain Ericsson invited the Lords of the Admiralty to inspect the performance of his little 
vessel. Accordingly, Sir Charles Adam, then Senior Lord of the Admiralty, Sir William 
Symonds, then surveyor of the navy. Sir Edward Parry, Admiral Beaufort, and other 
gentlemen of scientific and naval distinction, embarked at Somerset House on board the 
Admiralty barge, which was then taken in tow by the Francis B. Ogden, and the screw 
vessel with the barge in tow proceeded under steam to Limchousc and back, at a speed of 
about ten miles an hour. Xotwithstanding this favourable experiment. Captain Ericsson, 
from some inscrutable reason, received no encouragement from the Admiralty ; and he says 
that he at length discovered the impediment to lie in an idea taken up by the surveyor of 
the navy that, as the propelling power was applied at the stern, the vessel could not be 
steered in an efficient manner. It is well known that in the case of paddle vessels which 
have been lengthened considerably by the bow, it is afterwards difficult to keep them head 
to wind, from the propensity they acquire to turn round like a weather-cock, in consequence 
of the paddle-wheels, which answer to the pivot of the weather-cock, being brought so far 
astern ; and the surveyor of the navy probably thought that in the case of a screw vessel 
with the propelling instrument at the very stem, this fault would be aggravated in a serious 
degree. Such a presumption was certainly a natural one at that time; nevertheless it is 
clear that it was still only a presumption, and the question was one to be settled, not by 
instinct, but by experiment. If any objection of this kind existed, it ought to have been 
stated in a candid manner ; but this was not done, and Ericsson appears to have left this 
country in disgust, carrying his invention to America. The objection allegeil to have been 
raised by the Admiralty authorities against Ericsson’s plan, they could not raise against 
Smith’s ; for, before Smith put himself in communication with them, ho had proved, by 
numerous conclusive trials, that his vessel would steer when going head to wind, and any 
hypothetical objection became untenable when it was confuted by facts which were well 
established and widely known. 

In the winter of 1837, a canal boat, called the Novelty, was fitted with Ericsson’s pro- 
pellers, and was set to ply on the canal between Manchester and London. The propellers 
were only two feet six inches in diameter, and they were driven by an engine of only ten 
horse power ; nevertheless the boat realized a speed of eight or nine miles an hour. This is 
the first example of a screw boat being employed for commercial purposes ; but this boat 
was in a short time laid up owing to the failure of her owners. 
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At this juncture, Ericsson came into communication with an officer of the United States 
navy, Captain Robert F. Stockton, a man of talent, energy, and means. Captain Stockton 
was so much pleased wth the performance of Ericsson's exjxirimental boat, that he ordered 
an iron vessel seventy feet long, ten feet beam, and fifty horse power, to be constructed and 
fitted with the new propeller. This vessel, which was called the “ Robert F. Stockton,” was 
launched at Liverpool in the month of July, 1838, and her first trial took place in the 
following September. The engines were direct-acting, connected immediately to the 
propeller. 

In December, 1838, the “ Stockton" arrived in the Thames, and on the 12th January, 
1839, a trial of her capabilities was made in the presence of about thirty gentlemen of 
scientific eminence, when the performance was found to be highly satisfactory. On the 
IGth January, 1839, she towed four laden coal barges lashed alongside of her, so as to make 
a total breadth of fifty-nine feet, at the rate of five and a half miles an hour. In April, 
1839, the “ Stockton” left England under the command of Captain Crane, and procccdctl 
under sail to America. In the latter part of 1839, Captain Ericsson proceeded to America, 
where he has remained ever since. 

In all his earlier experiments, Ericsson employed two propelling wheels of the con- 
struction represented at page 24.; but in one of the trials at which Smith happened to be 
present, he suggested to Ericsson that he would probably obtain a better performance if he 
removed one of the wheels. This was accordingly tried, and Smith’s anticipation turned 
out to be correct. The “ Robert F. Stockton” Avas so constructed as to be able to use one 
wheel or two, os might appear advisable ; but Ericsson’s general practice since this time has 
been to use only one wheel. 

Before Ericsson had been long in America, he had an opportunity of introducing his 
propeller into the United States navy. The “Princeton” war steamer was built and fitted 
with Ericsson’s screw: the engines, which were also designed by Ericsson, were so con- 
structed as to lie beneath the water line, and were, therefore, more out of the reach of shot. 
These were the first engines made upon this principle. Ericsson’s propeller has been 
widely adopted in America for commercial purposes. Some hundreds of vessels in that 
country ore now propelled by the screw, and Ericsson’s propeller is the type which they have 
almost universally followed. 

When Ericsson left this country, he consigned his interests to tlie guardianship of Count 
Adolph E. de Rosen, and, in 1843, Count Rosen received an order from the French 
government to fit a 44-gun frigate, the “ Pomonc,” with a propeller on Ericsson’s plan, and 
with engines of 220 horse power, which were to be kept beneath the water line, as in the 
case of the “ Princeton.” In 1844, the English government gave Count Rosen instructions 
to fit the “ Amphion” frigate with a proixdler and with engines of 300 horse power, which 
were to be kept below the water line in the manner of the engines of the “ Pomone.” The 
engines of these vessels were the first engines in Europe which were kept below the water 
line.* They were also the first direct-acting horizontal engines, employed to give 
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motion to the screw. The air pumps, wliich were also horizontal, were double acting, 
and were furnished with canvas valves to diminish the shock incident to the shutting 
of largo apertures where so high a speed had to be maintained. Both vessels wore com- 
pletely successful. The speed engaged to be given was five knots an hour. A speed of 
about seven knots an hour was actually obtained. 

Ericsson's propeller having been the first successful propeller that was introduced into 
France, has in consequence obtained a wide acceptation in that country. Numerous war 
and other vessels have been fitted with it. At an early period of its introduction, the pro- 
prietors of some French screw coasting vessels, having heard of the satisfactory perform- 
ance of certain screws in England which were provided with only two propelling blades, 
caused three of the six helical plates, or paddles, of which Ericsson’s propeller is composed, 
to be removed from their vessels, leaving only three plates available for propulsion. During 
the summer months a benefit was found to result from this alteration ; but in the winter 
months the vessels were found to be less efficient than before. It is now known that the 
number of blades which it is advisable to introduce into a propeller, depends conjointly on 
the pitch and diameter of the propeller, and the amount of power, relatively with the re- 
sistance of the vessel, which has to be applied. A heavy cargo vessel which is restricted in 
the draft of water will be most effectually propelled by a screw of many blades, whereas a 
light and swift vessel, especially if not restricted in the draft of water, will be most advan- 
tageously propelled by a screw of few blades. 

Such then have been the respective merits of Smith and of Ericsson in connexion with 
the practical introduction of the screw propeller; and in weighing those merits against one 
another, it opi>ear8 to me that Ericsson has the adTOntage in mechanical capacity, and 
Smith in persistency of character. Ericsson, indeed, previous to his connexion with the 
screw, was an accomplished engineer ; Smith was only an amateur, with almost everything 
except the leading idea to learn. Ericsson's mechanical resources gave him means of over- 
coming difficulties such as Smith did not jiossess; and Smith had therefore to accept expe- 
dients then usual among engineers as his starting point, whereas Ericsson could reject those 
expedients in favour of others which his own ingenuity suggested. Thus, in bringing up 
the 8i)cc<l of the screw. Smith had to submit to the use of gearing, because that was the 
expedient which was approved by orthodox engineers ; but Ericsson threw the dogmas of 
engineers to the winds, and coupled the engine immediately to the propeller. This com- 
parative destitution of mechanical resources must have added to the difficulties of Smith’s 
career. But his steady and resolute |x:r8everance rose superior to all impediments, and the 
lead he took at the outset, he throughout maintained. Smith’s patent was taken out on the 
31st Ma)q 1836 ; Ericsson’s patent was taken out on the 13th July, 1836. The first trial 
of Smith’s ex|)erimental boat was made on the 31st May, 1836 ; the first trial of Ericsson’s 
experimental boat was made on the 30th April, 1837. In the summer of 1837, 1‘lricsson 
exhibite-d his vessel to the Lords of the Admiralty, but without result, owing, as is alleged, 
to the anticipated difficulty of steering. In September, 1837, Smith carried his vessel to 
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sea, and showed, by repeated e.tpcriment, that the objection said to have been entertained 
in the case of Ericsson’s plan, did not, at all events, exist in his. Ericsson’s vessel appears 
to have been more efficient than Smith’s. Its engine power was greater, and the mecha- 
nical details of its construction were more perfect. But Smith’s vessel was also completely 
successful. She towed the “ British Queen ” steamer in the river, and also the “ Lord William 
Bentinck,” a heavily laden ship, at a speed of miles an hour, although there was an op- 
posing breeze. The five miles already referred to as having been performed between Hythe 
and Folkestone in three-quarters of an hour, were accomplished against a strong wind, 
which, as the sailors phrase it, blew “ dead in her teeth,” and the average speed realised, 
in a voyage of 400 miles, was eight miles an hour. Both vessels were therefore successful, 
but Smith’s vessel was first in order of time.* 

I do not think it necessary to dwell here upon the experiments made by Woodcroft, 
Lowe, and others, whose pretensions have been put forward in connexion with this subject ; 
for I do not consider that those persons, whatever else they may have done, have 
contributed in any measure to the practical introduction of the screw propeller. Wood- 
croft's experiments were made in a boat on the Irwell, near Manchester, in 1832. A 
long copper spiral, with a greatly increasing pitch, was placed on each side of the boat, 
and these spirals were turned by manual labour, as in I.yttleton’s experiment in 1794. 
A speed was thus realised of about four miles an hour. Lowe’s trials were made upon 
the Thames in 1838, in a boat called the “Wizard.” But before that time. Smith and 
Ericsson had resolved the problem of propelling successfully by means of a screw. 
It is maintained on Lowe’s behalf, that he was the first person who used segments of 

with some few roodificfitiomi os regards the number of 
threads and variations in the pitch, in nearij 200 vessels 
in the merchant service. The same screw was further 
reduced to two one>eighth parts of a turn, and tried in 
the “ liattler,** but ilio result was ioferior to the last. 
6. The actual propeller used by Mr. Smith in his 
pcrimental boat of 6 horse power in 1836-7, on the 
Faddington canal, and with which she performed the 
jirtt tta trip ever made with a acrew propeller. 7. Thu 
original screw, two inches diameter, made by Mr. Smith, 
and applied to his working model boat in 183d. 8. An 
original working model of the “ Archimedes,*' with u 
screw of one entire turn. 9. Two modeU, showing the 
manner in which 1, 2, 3, 4, and 5 are made, in section.^ 
or portions of a screw, each section being half an inch 
in length, or one forty-eighth part of the piuh. 10. 
Fae fimiU of a model of the screw propellvr of II. M. 
steam yacht “ Fairy,** presented by Mr. F. P. Smith 
to her Most Gracious Majesty Queen Victoria, on board 
the ** Great Britain" steam ship, at Blackwall, on the 
22nd of April, 1845. 


• The following screws were exhibited by Mr. Smith 
at the Great Exhibition, and they relate the history of 
the invention without the aid of words: — ]. A screw 
of two entire turns of a single thread, as applied to his 
working model in 1835 1 and sulisequently to an ex- 
perimental boat of 6 horse power in 1836. 2. A screw 
of one entire turn of a single thread, as applied to the 
same boat ; and subsequently to the “ Archimedes ” a 
vessel uf 237 tons, and 80 horse power, in 1838. 3. A 
screw of two half turns of a double thread, a.s applied 
to the “ jVrehimedes ** in 1839; and subse<]uently to 
the ** Princess Royal," of 50 horse power, in 1841 ; the 
“Great Northern,” of 1515 tons and 360 horse power, 
in 1842; and H.M.S. “ Rattler,'* of 888 tons and 200 
horse power, in 1843. 4. The same screw, reduced to 

two quarter turns of a double thread, and tried ex- 
perimentally in H.M.S. “Rattler," in 1844. 5. The 

same acrew, reduced to two one-sixth parts of a turn, 
AS tried in H.M.S. “Rattler," in the same Tear; II. M. 
steam yacht “Fairy," in 1845; and which Is now 
applied to upwards of 40 ships in the British navy of 
all classes up to 80 guns; and very generally used. 
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screws in comhination with a shaft below the water-line. But Ericsson used this 
combination successfully before the time of I.owe's patent, as did also Brown, who fitted 
a vessel with a screw propeller in 1825; and although in some of Brown’s trials flat 
blades set at an angle w'ith the shaft were employed, yet, in other cases, he employed 
helical blades. It is true Brown’s experiment led to no practical result, but neither did 
Lowe’s ; for the question had already been practically settled before his patent wag 
taken out : and although Smith did not, in his original trials, arrive at the best length 
of screw, yet the accident which carried away half of the screw of his experimental vessel 
in the beginning of 1837, showed that the length might be diminished mth advantage. 
IIow far it might be advantageously diminished was not then ascertained. Neither was 
it ascertained by Lowe ; but was only determined after the experiments made upon 
the “Rattler" in 1844. It does not appear, therefore, that Lowe was either the first 
person who suggested the use of segments of a screw, set on a revolving axis below 
the water-line, or tliat it was from his experimental investigations the proportions of 
screw now in general use have been derived. No one would have been disposed to 
adopt those proportions the more readily merely because Lowe had introduced them into a 
patent; for he was not known to the world as a person of engineering reputation, whose 
opinion on such a subject would carry weight ; and there was no such self-evident 
superiority in the use of a short screw over a long one, that its bare announcement 
would command universal acquiescence. The best length of screw could not be settled 
at random, or by a lucky guess ; but before results of any practical authority could be 
arrived at, a series of carefully executed experiments tipon the large scale was necessary, 
which should determine at what point the abridgment of the length of the screw ceased 
to be advantageous. Such a series of experiments was performed by Smith upon the 
“ Rattler,” and the facts thereby elicited have ever since been the guide of engineering 
practice. 

These considerations appear to me conclusive, as regards the moral value of Lowe’s 
pretensions in connexion with the introduction of the screw propeller. Their legal value 
I do not pretend to discuss ; nevertheless it seems proper to repeat, in connexion with 
this branch of the subject, that, long before the date of Lowe’s patent, various persons, 
both in this country and abroad, had taken out patents for employing helical blades 
set on an axis, revolving beneath the water, in the propulsion of vessels. For example, 
Bramah’s patent for propelling vessels by means of blades like the vanes of a windmill 
set on an axis, revolving beneath the water at the stem, was taken out in 1784, and 
every person must have been free to use such blades, or such an instrument, after that 
patent had c.xpired. Now the blades of windmills ore portions of a screw; and in 
Maclaurin’s “ Fluxions,” published more than a century ago, it is explained that the 
arms or sails of windmills should be so made as to form a portion of a true helix. 
The same directions are repeated in Fergusson’s “ Lectures,” and in various other works 
on Mechanics. According to Smeaton’s practical rules, however, for setting out windmill 
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sails, they will not form a portion of a true helix, a certain deviation from that form 
having been found to give the best results ; but in screw propellers it is also found that 
the best results are obtained when there is some deviation from the helical form. Bramah, 
in his spedfication, states that the fans or wings which he proposes to employ in propelling, 
are similar to those in the fly of a smoke-jack, or to the vertical sails of a windmill. Since, 
however, the vanes of a smoke-jack are generally flat, and the sails of a windmill are 
generally curved, it has been maintained that the description is inconsistent with itself, 
and that the patent should therefore be held to be invalid. This supposed inconsistency, 
however, I can in nowise discern ; for a smoke-jack Is substantially a small windmill ; 
and although the vanes of a smoke-jack are very frequently made flat for faeility of 
manufacture, they are not necessarily or always made so. Sometimes the vanes of a 
windmill are made flat, where eheapness of construction is the main consideration ; but 
it is all the while perfectly well known that such a mode of construction is not the most 
eflScient, and is not regulated by just principles. The blades of smoke-jacks have, for a 
like reason, generally been made flat ; but they have, in many instances, been made helical, 
and in a few cases with an increasing pitch. It has been known very widely for at least 
a century, that a helical form of the blades is that which science prescribes ; and there 
cannot be much inconsistency of representation in coupling windmills and smoke-jacks 
together, when the two instruments are substantially identical. That this identity of 
principle was very well known to Bramah can hardly be doubted, when it is recollected that 
he was not a superficial or thick-witted adventurer, but one of the most talented engineers 
of his time ; and Trevithick and Millington, also engineers of eminence, subsequently 
employed the same language when describing the modes of propelling which they proposed 
to introduce. The conclusion at which we must ultimately arrive, however, will not 
materially differ, if the blades of smoke-jocks be held to be necessarily flat, and those 
of windmills necessarily helical ; for both flat and helical blades are used for propelling 
vessels at the present time, and any terms of definition seeking to include both varieties 
of propeller, could not differ materially from those which Bramah employed.* 

AVTth these remarks I conclude this chapter on the practical introduction of the screw 
as a propeller ; and, while I am quite sensible of its many deficiencies, I believe that it will 
be recognised by the engineering community as an accurate statement of the facts of the 
case, and as a just award of the merit pertaining to particular inventors. To engineers, 
it has long been known that F. P. Smith has been the author and establisher of the art 
of screw propulsion, — at all events in this country ; and engineers are certaiidy as well 
qualified to form a just opinion on this subject ns any other class of the community, and 
have as little temptation to strain their real convictions. Other screw patentees there 

* Since these remarks were written, the whole qnes- application being made by Lowe for tho extension of his 
lion of the taIuc of Lowe’ft pretensions has been inres* patent. The extension was not granted — chiefly on 
tigated before the PhTj Council on the occasion of an the grounds set forth aborc. 
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are, who, like Indian mercenaries, liave lain by until the battle was fought b)' Smith- 
and Ericsson, and have then come forward to claim the fruits of victory ; and courts 
of law, bewildered by questions they did not understand, have permitted claims to be 
entertained which ought to have been at once rejected. But wliatevcr decrees may be 
elsewhere pronounced, the judgment of the public is pronounced already, and will be 
ratihed by posterity. And when the people of future times inquire in what way, or 
by whose instrumentality, the art of propelling vessels by a screw was first established, 
they will learn that this important amelioration was accomplished, not by any eminent 
engineer or learned academician, but by a farmer at Hendon, called, like another Cincinnatus, 
from the plough, to advance the interests of his country. Against that time, other names, 
at present far more imposing, will have faded from the recollection of mankind j but 
the name of the originator of a new art lives as long as the art itself, and gathers new 
lustre by the lapse of years. 

But, while rendering to Smith and to Ericsson the honour to which they are justly 
entitled, it would be unfair to pass over, without acknowledgment, the services of those 
who were their coadjutors in this inqmrtant work, or by whom their progress was assisted. 
And first among these coadjutors must be mentioned Mr. Wright the banker, but for 
whose aid Smith’s patent would perhaps never have been taken out ; or his speculations 
would have died out perhaps, -without fruit, like those of Ids predecessors. To Messrs. 
Rennie also a large amount of credit is due, for, among engineers, they were the first who 
augured favourably of the issue of the project, and they also had a considerable pecuniary 
stake in the result. The gentlemen composing the Screw I’ropeller Company advanced a 
large sum of money for the construction of the “ Archimedes,” and for other purposes 
connected with the prosecution of the undertaking, and this money has not been repaid 
by any profits accruing from the success of the invention. Captain Chappell and Mr. 
Lloyd appear to have acquired a very favourable opinion of the screw at an early period 
of its history, and its adoption for the service of the navy was the result of the favourable 
report they gave of its perfonnance. Mr. Brunei also recommended it to be introduced 
into the " Great Britain ” instead of paddles, which had been originally intended ; and 
this was done at a time when the screw was still regarded with doubt by a large part 
of the engineering and nautical communities. In the case of Ericsson, his early progress 
appears to have been mainly aided by Mr. Francis B. Ogden, the United States consul 
at Liverpool ; and it was after him that Ericsson’s experimental vessel was named. • 
Ericsson's subsequent connexion with Captain Stockton of the United States navy has 
been already narrated ; and to Captain Stockton’s efforts much of Ericsson’s subsequent 
success in America must be ascribed. 
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CHAPTER III. 

SCISNTIPIC PRINCIPLES CONCERNED IN THE OPERATION OP SCREW VESSEL. 

FLUID RESISTANCE. 

The laws of Fluid Resistance are still involved in much obscurity ; partly, no doubt, from 
tlie inherent difficulty of the subject, but mainly from the want of independent research on 
the part of the various authors who have undertaken the elucidation of the subject. It is an 
easier thing to copy than to think ; and the mistakes incidental to the researches of Newton 
and other eminent philosophers, have, by the blind acceptation of succeeding writers, 
been expanded into mischievous fallacies, which have at length overrun various depart- 
ments of physical science, and are now found most difficult of eradication. Under these 
circumstances it becomes expedient to investigate, in a plain and practical way, a few of the 
leading principles of mechanics which bear upon the question before us, as there will be 
less trouble in taking a new course altogether, than in clearing away the errors with which 
the beaten track is found to be choked up. 

iicchanical power is pressure acting through space ; and the amount of mechanical 
power developed by any combination is measurable by the amount of the pressure, multiplied 
by the amount of space through which the pressure acts. A pressure of 10 lbs. acting 
through a space of 1 foot, represents the same amount of mechanical power us a pressure 
of 1 lb. acting through a space of 10 feet ; and 10 lbs. gravitating through 1 foot, or 1 lb. 
gravitating through 10 feet, represents ten times the amount of mechanical power due to 
the gravitation of 1 lb. through 1 foot. In the same way, 1000 lbs. gravitating through 
1 foot, is equivalent to 1 lb. gravitating through ltX)0 feet ; and, in general terms, the 
weight or pressure multiplied by the space through which it acts, represents the power 
universally. If, therefore, a body fulls freely through space by the operation of gravity, 
since it parts with none of its power during its descent, the whole power must be ac- 
cumulated in the falling body in the shape of momentum ; and, at the instant of reaching 
the ground, the body must have such an amount of mechanical power stored up in it as 
would suffice to carry it up again to the position from which it fell, if the power were di- 
rected to the accomplishment of that object. The amount of mechanical power, therefore, 
in any moving body, is measurable by the iveight of the body, multiplied by the space 
through which it must have fallen by gravity, to acquire the velocity it possesses ; and this 
fundamental law, if distinctly apprehended, and kept constantly in recollection, will ensure 
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exemption from the fallacies which prevail so generally among English authors in reference 
to such subjects. In Newton’s “ Second Law of Motion " it is maintained that “ the change 
or alteration of motion produced in a body by the action of any external force, is always 
proportional to that force,” from whence it is inferred, that to produce twice the quantity of 
motion in a body, will require just twice the power ; and this is the doctrine maintained by 
Robison in his “ Mechanical Philosophy,” and by Hutton, Gregory, and most other English 
authors who have undertaken to illustrate such questions. Nevertheless, there is no doubt 
whatever that this doctrine is altogether erroneous, as was shown by Leibnitz at the time of 
its promulgation, and subsequently by Smeaton, who, by a scries of carefully executed ex- 
periments, proved very clearly that to double the velocity of a moving body it required four 
times the amount of mechanical power that was necessary to put it into motion at first ; 
and consequently that the momentum of moving bodies of the same weight varies as the 
squares of their respective velocities. The soundness of this conclusion is made manifest by 
a reference to the law of falling bodies, by which it nnll be found that it is necessary a body 
should fall through four times the height to double its ultimate speed ; nine times the height 
to treble its ultimate speed, and so on ; showing that the height, and therefore the power 
exerted in creating the motion, must be os the square of the ultimate speed and conse- 
quently, that the ultimate velocities of all falling bodies will be as the square roots of the 
heights from which they have respectively descended. In the case of two bodies of equal 
weight, therefore, moving in space, but of which one moves with twice the velocity of the 
other, the faster will have four times the amount of mechanical power stored up in it that 
is possessed by the slower; for it must have fallen from four times the height to acquire its 
doubled velocity, and the relative quantities of power capable of being exerted by bodies of 
the same weight, are measurable in all cases by the spaces through which the weight or 
pressure acts. A cannon ball moving with a velocity of 2000 feet a second, has four times 
the momentum of a cannon ball, of equal weight, moving with a velocity of 1000 feet a 
second ; and every particle of a stream of water moving with a velocity of 10 miles an hour, 
has four times the momentum of every particle of a stream of water moving with a velocity 
of 5 miles an hour. Every particle of the faster stream, therefore, will exert four times the 
effect in impelling any body on which it impinges, that is exerted by every particle of the 
slower stream. But in the faster stream, not only will every particle impinge with four 
times the force, but there will be twice the number of particles impinging in a given time ; 
and a quadrupled force for each particle, and twice the number of particles striking in a 
given time, gives an effect eight times greater in a given time with a doubled velocity of the 
stream. Accordingly, it is found that in a water or wind mill, when the velocity of the 
current is doubled, the power exerted is about eight times greater than before; and it is also 
found that a steam vessel, to realise a double velocity, requires about eight times the amount 
of power : but these results, it is obvious, have reference, not merely to the increased velo- 
city of the particles of matter, but to the larger number of them brought into operation ; and 
any ffiven quantity of water, if flowing with a doubled velocity, would only exert four times 
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the power exerted before. In the same manner a steam vessel, to accomplish any given 
voyage in half the time, would require four times the quantity of coal previously consumed ; 
for although eight times the quantity of coal would be consumed per hour, yet only half 
the number of hours would be occupied in accomplishing the distance. The number of 
particles of water to be displaced by a vessel in performing any given voyage, is the same, 
whatever the velocity of the vessel may be; but the number of particles displaced in 
the hour differs witli every different velocity, and the jxjwer expended must consequently 
vary in a corresponding proportion. It may hence be asserted, generally, that the power 
or dimension of engine necessary to propel a vessel, increases nearly as the cube of the 
velocity required to be attained; but the consumption of fuel will only increase in about 
the ratio of the square of the velocity, looking to the number of miles of distance actually 
performed. 

It may be useful to compare with these doctrines the statements of some of the most 
eminent authors who have treated of Theoretical Mechanics. Kobison, in his “Treatise on 
Mechanical Philosophy,” vol. ii. page 2G9., gives the following as the fundamental proposition 
of the doctrine of the resistance of fluids: — “The resistances and (by the third law of 
motion) the impulsions of fluids on similar bodies, are proportional to the surfaces of solid 
bodies, to the densities of the fluids, and to tlie squares of the velocities jointly ; ” and 
Eobbon says that he has borrowed the demonstration from Newton’s “Principia,” book ii. 
proposition 23. In Tredgold’s work on the Steam Engine, there is an Appendi.v on 
paddle-wheels by Mr. Mornay, where the same doctrines are propounded. At page 122. 
Mr. Mornay writes as follows: — “ In order to be able to calculate the absolute amount of 
power required to produce a given effect, it is necessary to be acquainted with the laws 
which govern the resistance of fluids to the motion of solid bodies in them, which arc 
generally admitted to be based on the following theorem. If a plane surface move at a 
given velocity through a fluid at rest, in a direction perpendicular to itself, the resistance 
is proportional to the density of the fluid, and to the square of the velocity of the plane.” 

He adds, “ It is assumed that the resistance to a plane moving in a fluid at rest, is 
equal to the pressure of the fluid on the plane at rest, the fluid moving at the same velocity 
and in the contrary direction to that of the plane in the former case ; on which hypothesis 
the ratio of the square of the velocity is explained in two very different ways. The first 
is, that ‘the resistance must vary as the number of particles which strike the plane in a 
given time, multiplied into the force of each against the plane ; but both the number and 
force are os the velocity, and consequently the resistance is as the square of the velocity.’ 
The second explanation is, ‘that the force of the fluid in motion must be equal to the weight 
or pressure which generates that motion, which it is known is equal to the weight of a 
column of the fluid, whose base is equal to the area of the surface, and altitude the height 
through which a body must full to acquire the given velocity.’ ” These explanations, 
Mr. Mornay adds, are extracted from Dr. Gregory’s “ Treatise on Mechanics ; ” and in 
the works of Hutton, and most other English writers on theoretical mechanics, similar 
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stateraenta are to be found ; yet it is quite certain that they are altogether erroneous, and 
their original promulgation U traceable to the accident of the mechanical force resident in 
moving bodies having been set down by Newton as measurable by the velocity, instead of 
by the square of the velocity, as is now known to be the case. If, therefore, the resistance 
varies as the number of the particles multiplied by the force of eacli particle, it must vary 
as the cube of the velocity ; for the number of panicles varies as the velocity, and the force 
of each particle varies as the square of the velocity ; and the velocity, multiplied by the 
square of the velocity, is obviously the cube of the velocity. It consequently cannot be 
true that the impact of a fluid in motion will produce a pressure only equal to that due to 
the head of fluid that will produce the motion, as was long ago perceived by Daniel 
Bernouilli. For, as water issuing from a reservoir has the same velocity as any heavy body 
would acquire by falling freely from the level of the surface of water in the reservoir to the 
level of the issuing stream, and as, by the laws of falling bodies, the ultimate velocity of a 
falling body is just double its mean velocity, it is clear that a jet issuing horizontally, after 
having acquired the ultimate velocity due to the head, will pass through a distance equal to 
twice the distance that a body would pass through in descending from the level of the 
water-surface to the level of the orifice. Hence Bernouilli inferred that the accumulated 
hydraulic pressure by which a vein of heavy fluid is forced out through an orifice in the 
side or bottom of a vessel, is equal to the weight of a column of the fluid, having for its 
base the section of the vein, and for its height twice the fall productive of the velocity 
of efflux. 

Bemouilli’s theory was adopted and still further developed by Euler, who gives a 
formula for ascertuning the percussive effect of a jet of water on a plate, which is as 
follows : — 


Let R=force of impact in permanent percussion. 
a=arca of vein. 

ll=height due to actual velocity of jet. 
/j=height due to velocity of reflected water. 
^=angle of reflected water to axis. 

Then U = 2aH (1 — ^ cos. <^). 

V H 


The experiments of Morosi and Bidone lend material confirmation to the doctrines of 
Bernouilli and Euler on this subjeet. Euler says, that the theoretical value of the 
percussion of a fluid vein may increase until it is equal to the weight of a fluid column of 
the same base os the section of the vein, and of a height four times greater than that due 
to the velocity of the vein. Bidone found that the sudden shock of a jet upon a plate is to 
the force of the jet, when permanent, as 1-84 to 1 ; but this effect may, perhaps, be in some 
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measure attributed to the momentum acquired by the parts of the instrument by which the 
percussive force was measured. 

According to tbc results of the experiments made by Colonel Benufoy, for aseertaining 
the resistance of bodies moving through water, it appears that at low speeds, such as two 
knots an hour, the weight necessary to draw the body varies as the square of the velocity ; 
but at higher speeds, such as eight knots an hour, the weight necessary to draw the body 
docs not increase in quite so great a proportion as the square of the velocity. The weight 
necessary to overcome the friction of a body moving in water appears to vary as about the 
I’Tth power of the velocity; but the proportion appears to diminish slightly with an 
increase of speed. The friction upon a square foot of plank, moving through the water in 
the manner of the bottom of a ship, was found to be equal to a weight of '014 lbs. with a 
velocity of one nautical mile an hour ; or, in other words, it would require a weight of 
•014 lbs., acting on a string passing over a pulley, to overcome the friction of a square foot 
of plank, when passing through the water at a velocity of one nautical mile per hour. At a 
speed of two nautical miles per hour, the friction was found to be equal to a weight of 
•0472 lbs. ; three miles an hour, '0948 lbs. ; four miles an hour, •ISS lbs. ; five miles an hour, 
•2264 lbs. ; six miles an hour, •.3086 lbs. ; seven miles an hour, '4002 lbs. ; eight miles an 
hour, •5008 lbs. ; and, by carrying the law up to thirteen nautical miles per hour, the weight 
necessary to overcome the friction upon each square foot is found to be about 1-2 lbs. At 
two nautical miles per hour, the weight nccessaiy to overcome the friction varies as the 
1^823 power of the velocity. At eight nautical miles per hour, the weight necessary to 
overcome the friction varies ns the 1^713 power of the velocity. In the gross, it may be 
asserted that the weight necessary to draw any body through the water varies nearly as the 
square of the velocity ; but the distance through which the weight descends varies also as 
the velocity, so that the power expended in any given time, varies nearly as the cube of the 
velocity. It does not, however, follow that the resistance is made up in the manner 
supposed by Newton’s hypothesis ; for water does not consist of little balls which strike 
independently of one another ; and the mutual interference of the particles when the water 
is reflected from the body struck, the viscidity, friction, and other elements, introduce 
different conditions from those which that theory supposes. Indeed, it is nearly certain 
that, while the aggregate resistances vary in the manner which has been stated, with such 
speeds as those usual in steam vessels, the elementary resistances of which this aggregate 
is made up, follow different laws altogether. Don Georges Juan, one of the ablest authors 
who has treated of the theory of naval architecture, and one whose works are but little 
known in this country, after recapitulating the errors of preceding writers, lays down a 
new theory of the resistance of fluids, which he states is in perfect accord with fact, and 
with the known principles of science. lie states that the resistances of bodies moving in 
fluids vary as the densities of the fluids, as the surfaces of impact, as the square roots of the 
depths to which they are submerged, as the simple speeds, and as the simple sines of the 
angle of incidence under which the surfaces are struck. This is the law which is followed 
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when the surface is completely immerged in the fluid, and where the anterior part of the 
body resembles the posterior part. But when one part of the surface is out of the fluid, 
there is a new quantity to consider in the resistances which depends in no degree upon the 
surface struck, but which proceeds simply from the velocity; and this quantity is neither 
as the simple velocities, nor as their squares, but as their fourth powers. In certain cases, 
there ought yet to enter a third quantity into the expression of the resistance, which is as 
the squares of the velocities, and as the surfaces struck ; and, finally, there are circumstances 
under which it is necessary to have regard to a fourth quantity, which docs not in any 
degree depend upon the speed, but only upon the surfaces struck. According to this theory, 
therefore, the resistances depend upon four distinct quantities, of which some vanish in 
certain cases; and in researches respecting sailing ships, these quantities reduce themselves 
usually to one, which is the first of those which have been mentioned. Nevertheless, in 
cases of a great velocity, it is necessary to take the second quantity into account ; whilst to 
the third, which heretofore has been the only one which has claimed attention, it is usually 
unnecessary to pay regard. 

It is also stated by this very able author, that it follows from his theory, that ships 
may not merely sail as fast as the wind, but faster than it ; a result well known to nautical 
men to be sometimes attained. He states, also, that his theory accords with the results of 
experiments made with kites, and also witli the results of Smeaton’s experiments to 
determine the force with which water acts to turn water-wheels. And the errors in the 
previously accepted law of the resistance of fluids, vitiate, he says, all the calculations 
which had been antecedently made touching the angle which the sail should make with the 
keel and with the wind, the pressure upon the sail with reference to stability, and other 
questions of that nature. In previous theories, the curve of the sail, and the angle which 
the vessel assumes from the side pressure of the wind, hod been disregarded, and the 
pitching and rolling motions of the vessel had been considered as referable to the laws 
which govern the operation of pendulums; whereas, those motions are, in fact, mainly 
governed by the movements and dimensions of the waves. Prows of the form of the solid 
of least resistance, which had often been recommended by mathematicians as advantageously 
applicable to ships, would, he says, have this difficulty attending them, that in an agitated 
sea they would cause the bow to be buried in the waves ; and, to say nothing of other 
objections, the shocks of the sea, and the increased immersion, would cause a diminutioti 
of speed which would neutralise the benefit resulting from the finer form. 

Such are the conclusions of this able author on the theory of naval architecture, but 
there is probably no subject which has received less elucidation from theory than that which 
relates to the resistatice of bodies moving in water. It is now well known that it is advan- 
tageous to make both the bow and the stern of a vessel sharp where a high degree of speed 
is desired, and that the practical objections supposed to exist against this attenuation are 
illusory. Notwithstanding all the deductions of theory, the resistance of a vessel can only 
be determined by experiment, or by referring her to some class of similar vessels the resis- 
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tance of which has already been ex|)crimentally determined. Certain forms, however, will 
manifestly be productive of less resistance than other forms, and it does not appear very 
difficult to determine what the forms are which are most advisable. No vessel or any 
other body can pass through the water without displacing the water, and the indication to 
be fulfilled is so to displace the water as to occasion the least loss of power that is possible. 
Now, if the process of displacement can be so managed that each particle of water moved 
vibrates sideways like a pendulum, then there will be little or no loss of power except that 
caused by the friction of the bottom of the vessel on the ivater. This object will be 
attained by making the water-lines of the vessel of a parabolic form : the water will then 

vibrate sideways, just as a pendulum would do, — beginning to move slowly at the bow 

accelerating its speed up to the half-breadth of the vessel, and then moving slowly again as the 
maximum breadth of the vessel comes to be attained. With this configuration the particles 
of water will be moved sideways by the bow up to that point which lies midway between the 
stem and the midship frame, where the rapidity of motion will be greatest. From this 
point they will be carried on by tlieir oivn momentum, the bow abaft this point being of 
such a shape as not to urge, but only to follow the particles ; but as the momentum dies away 
they will come to a state of rest about the centre of the vessel, and will then be ready to 
close in upon the vessel at the stem. It will signify very little whether the displacement is 
downwards or sideways, provided it follows the parabolic law, but sideways is best, as a 
column of water of a less length will be moved thereby. 

It will be obvious from these considerations, that the form which the water-line of a ship 
ought to possess will depend very much upon the angle which the stem and stem-post make 
with the keel. If the stem, instead of being upright, be very much inclined forward at the 
head and the steni-post be in like manner very much inclined backward, the water-lines may 
be made fuller, and the parabolic law of displacement will, nevertheless, be preserved. A 
vessel of the form of a butcher's tray may, in this way, be equivalent in sharpness to a 
vessel with hollow and very sharp water-lines ; and a vessel of the form of a cigar, and with 
a rounded bow, may displace with only the same velocity as a very sharp wedge. The 
circumstance indeed which determines the actual sharpness of vessels is not the configu- 
ration of the water-lines, but the ratio of the increase of the cross section at each successive 
frame; and it will signify comparatively little what the form of the water-lines is, provided 
the area of the cross section of the immersed portion of the vessel, taken at equal distances 
along the keel, increases and decreases in the proper ratio. If a fish be cut across at equal 
distances in the direction of its length and the area of each section be ascertained, then it 
will be found that if a vessel of the ordinary form be constructed with the same sectional area 
at each successive transverse section that was found to exist in the case of the fish, the water- 
lines of that vessel will come out to be both sharp and hollow. The water-lines of all vessels 
formed with vertical or nearly vertical stems and stern-posts should be hollow, both at the 
very bow and the very stem, and this they will necessarily be if formed on the parabolic 
system which I have recommended. 
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When the of a vessel, considered as a plane surface, is struck by the wind, the 
direction in which the sail would move, if not resisted, is in a line perpendicular to its 
surface. This line is called the line of moving force ; and the line which would be followed 
by the aggregate sails of a ship standing at different inclinations, is called the mean line 
of moving force. If the vessel was subjected to no other force or impediment than that 
which she receives from the sails, she would always follow the direction of the mean line 
of moving force, and the same result would follow if the hull consisted of a portion of a 
hollow sphere. But in a vessel of the ordinary form, the resistance of the water against 
that side which the vessel presents most to the impulsion of the water being greater than 
that sustained on the opposite side, it is manifest that this inequality of resistance will turn 
the vessel out of the mean line of moving force. It is also clear that, if this resistance 
was infinite in reference to that encountered by the stem, or, what comes to the same 
thing, if the vessel did not e.xperience any resistance or difficulty in cleaving the water, she 
would go along the line of the keel, whatever position it occupied in relation to the mean 
line of moving force. Since, however, the resistance which the water makes to the bow is 
neither nothing, nor infinitely small in relation to tliat which is encountered by the side, it 
is natural to suppose that the course of the vessel will follow neither the line of the keel nor 
the line of moving force, but will follow a third line intermediate between the two preceding, 
making with the keel the angle which is called the angle of lee-way. In vessels with the 
same lateral resistance, the amount of lee-way will mainly depend upon the facility with 
which the vessel passes through the water; and us an au.xiliary screw virtually diminishes 
the resistance encountered by the hull, screw vessels will be more Weatherly than ordinary 
sailing vessels. In light beam winds, also, the screw will operate advantageously in 
bringing the vessel continually into a new stream of wind ; so that the wind will not 
stagnate against the sails, and such of its power as is really brought to act will also be more 
effectually used up. To obtain a mo-ximum effect from a given quantity of wind, the sails 
should move with about half the velocity of the wind itself j and if the vessel moves with a 
very small velocity, the wind will be reflected from the sails with nearly the same velocity 
it had at first, and only a small amount of power can l>e communicated in such a case. It 
follows, consequently, that vessels inainbuning a considerable rate of speed through the water, 
whether by the aid of steam or otherwise, will, under most circumstances, utilise or use up a 
larger proportion of the power of the wind than slow vessels, from the sails of which the wind 
is reflected with nearly its original force. Whatever power or velocity the wind loses the 
vessel acquires; and the object which should be sought to be attained, therefore, is to 
intercept as large a column of the wind as possible, and to cause it to be reflected from the 
sails with the least possible force. The size of the column intercepted, and the difference 
between the initial and residual velocities, represents the power gained by the ship. 

It would be foreign to the design of the present work to enter further into the 
discussion of these topics, than to show the doubt and disca-pancy which still hangs 
over the question of fluid resisUmce, when professing to detennine the amount of the 
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impediment experienced by bodies of different forms moving in water, and in fact all 
theoretical conclusions upon this subject are totally destitute of value. I shall, however, 
proceed to indicate, in a general manner, certain laws or a.\ioms which may be accepted 
as an approximation to the truth, having been derived, not from theoretical consider 
ations, but from e.\periments frequently repeated upon actual vessels, of different 
forms and of different pro[>ortions of power. And whatever doctrines relative to fluid 
resistance may be eventually adopted, it is at least certain that in the case of ordinary 
vessels and ordinary velocities, the power necessary to accomplish any particular speed which 

S«A 

may be prescribed, is ascertainable by the equation horse power, where S is the speed 

C 

in miles per hour, A the immerged sectional area of the vessel in square feet, and C a 
certain number, or co-efficient, which varies with the form and also with the size of vessel 
employed ; and in the Table of the Performance of Screw Vessels given in the Appendix, 
will be found the co-efficients applicable to tbe screw vessels of the navy. This co-efficient, 
as set down in the tabic, is obtained by multiplying the cube of the speed, in nautical miles 
per hour, by the immerged midship section of the vessel in square feet, and dividing by the 
indicated horse power of the engine; and a number is thus obtained, by the aid of which the 
power necessary to accomplish other speeds, with a similar size and form of hull, may be 
approximately found. 

In all cases of the impact of water upon a solid body, the water is reflected or 
rebounds from the surface of the body with a certain velocity, occasioning thereby a 
corresponding loss of power, if the force or reaction of the water has to be employed for 
any purpose. In undershot water-wheels, which are driven by a stream of water, and also 
in paddle-wheels, especially if they strike the water with any considerable shock, a material 
diminution in the useful effect is produced from this cause. Bidone concludes, from his 
experiments, that water giving out its power by impact, will only produce half the effect 
that is due to its weight and velocity. In undershot water- wheels, it is found that some- 
what less than half the theoretical power of the stream is on the average available in 
turning round the wheel ; and in steam vessels, propelled by common paddle-wheels, in 
which the float surface is generally too small, it is found that not mucli more than half the 
jwwer of the engine is available in the propulsion of the vessel, the residue being lost 
in creating a disturbance of the water. It consequently becomes important, in every kind 
of propelling apparatus, to take care that the least possible disturbance of tbe water shall be 
occasioned ; that in forcing the vessel forward through any given distance, the water upon 
which the propeller reacts shall be forced backward through the least possible distance ; 
and, other things being equal, that species of apparatus will be the most efficient in 
propelling, which most effectually fulfils this condition. The whole of the engine power 
must be expended in some shape or other, and all the power which is not expended in 
disturbing the water, must be expended in prop>elling the vessel. In paddle vessels, the 
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larger the floats are made, as a general rule, the less will the water be disturbed, and the 
more will it approximate in resisting power to a solid. It consequently becomes an im- 
portant indication, both in screw vessels and in paddle vessels, to make the pushing or 
resisting area of the propeller as large as possible, as the slip of the propeller will be less 
the larger the hold it has of the water, and the speed of the vessel will be correspondingly 
increased. There are practical limits, however, to the dimensions of the floats in paddle 
vessels, which greatly add to the difficulty of obtaining high rates of speed through the 
instrumentality of paddles alone ; for it will not answer well to make the floats very deep> 
else the water will not gain access to the heart of them when slip takes place, and there arc 
obvious objections against making them very long. There are also practical limits to the 
dimensions of screw propellers, and it is possible to make the propeller so large that the loss 
by increased friction more than balances the diminished loss from slip. Experiment can 
alone determine where the augmentation of the size of a propeller ceases to be advan- 
tageous. 

When a locomotive is put in motion on a railway, the force with which the driving- 
wheel revolves will be less than the force urging the piston, just in the proportion in which 
its velocity is greater ; and if the circumference of the driving-wheel is twenty feet, and the 
double stroke of the piston two feet, then every 100 lbs. of pressure on the piston will be 
balanced by 10 lbs. pressure on the driving-wheel. If, therefore, 11 lbs. of counteracting 
pressure were to be applied to the driving-wheel for every 100 lbs. pressure upon the 
piston, the engine would first be brought to a state of rest, and would then revolve in the 
opposite direction. If, however, instead of applying a greater counteracting pressure, the 
carriage were hdd fast, and the wheels suffered to revolve upon the rails, the velocity of 
the engine would go on increasing until the resistance occasioned by the friction of the 
revolving wheels just balanced tlic pressure upon the pistons, and at this speed the wheels 
would continue to revolve so long as the supply of steam was maintained. In a steam 
vessel, the operation of the engines upon the paddle-wheels or screw is much the same as in 
the case just recited. If a steam vessel be tied at the stem, and the engines be then set 
into revolution, their velocity will go on increasing until the resistance at the centre of 
pressure of the paddle-wheels just balances the pressure on the piston, — the centre of pressure 
being a point in the depth of every float at which the pressure above and below it is the 
same, or at which the aggregate pressure may be supposed to be collected. Now, as the 
resistance at the centre of pressure must just balance the pressure upon the piston, it 
follows that the pressure urging forward the vessel will be the same, whether the vessel is 
at rest or in motion, supposing always that the engines are adequately supplied with steam ; 
and the resistance created at the centre of pressure will be the same, whether the paddle 
floats are large or small, — only, if they be small, a greater velocity of revolution will be 
necessary to create the resistance requisite to balance the pressure upon the pistons, and a 
larger consumption of steam will be occasioned, without any countervailing advantage. If, 
however, the wheel be diminished in size, the pressure upon every paddle-float will be 
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increased, for a larger resisting area will then be necessary to balance the pressure upon 
the pistons, in consequence of the diminished length of leverage acting against that area; 
and when a small diameter of wheel is employed, either a larger area of float is necessary, 
or else the centre of pressure will pass vrith a greater velocity through the water, which is 
tantamount to saying that the slip will be increased. In the case of the screw, similar 
results will be found to ensue. Setting aside the loss of power occasioned by the friction of 
the screw when revolving in the water, and the resistance occasioned by its cutting edge, it 
will be obvious that wth any given pitch the forward thrust of the screw shaft will be the 
same whatever the area of the screw's disc may be, for the velocity of rotation will go on 
increasing until the resistance which the screw encounters balances the pressure on the 
pistons ; and if the pressure on the pistons be considerable, so will be the thrusting or 
pushing force of the screw. If the screw, however, be of inadequate dimensions, then the 
velocity of its rotation will be much greater than what answers to the speed of the vessel, 
and there will be a larger consumption of steam by the engine than would be necessary, if 
the screw were of a larger size. It is hence obvious that a very small diameter of screw', 
relatively with the midship section, or with the resistance to be overcome, is inadvisable, 
just as a small area of float-board is inadvisable in the case of a paddle-wheel. To diminish 
the pitch of a screw is tantamount to a diminution of the diameter of a paddle-wheel, but, 
unlike the paddle, the propelling area may be made too large; and this point will be attained 
when the friction consequent u|xin the increased diameter, the resistance arising from the 
extension of the cutting edge, and other analogous sources of loss, more than balance the 
loss arising from the slip. From some experiments which were made by Mr. Brunei at 
Bristol, in 1840, with half a disc of metal 5 feet 9 inches diameter, set on a shaft revolving 
in water, it appears that it took 6'4 horses’ power by the indicator to give the shaft a 
velocity of 101 revolutions per minute, when the semi-disc revolved in air without the 
contact of water; and that it took 9 horses' power by the indicator to give the shaft a 
veiocity of 100 revolutions per minute, when the semi-disc revolved in water. Hence it 
was inferred, that the resistance to the semi-disc which a screw with an equal amount 
of surface, and an equal length of cutting edge, sufi'ers from the water at a speed of 
100 revolutions per minute, will be overcome by about 3 horses' power of the engine. 
This is equivalent to a weight of about 55 lbs. at the end of the arm, or at the cir- 
cumference of the disc, hindering its revolution; for 5 feet 9 inches or 5-75 feet x 3-146 x 
100 revolutions = 1806'42 feet per minute, and 3 times 33,000 lbs. or 99,000 lbs.-t-180G'42 
= 55 lbs. very nearly. Probably the resistances were somewhat underrated in these expe- 
riments, as no adequate precautions seem to have been taken to prevent the water in which 
the half disc revolved, from itself acquiring some rotatory motion. Beaufoy’s experiments, 
already mentioned, enable an approximate estimate of the friction to be made ; and such a 
result may be also arrived at by comparing the actual with the theoretical discharge of 
water through pipes. The theoretical velocity of water flowing from a pipe is the same as 
that of a heavy body falling from the level of the water in the cistern to the level of the 

r 9 


Digitized by Google 



108 


SCIENTIFIC PRDfCIPtES CONCERNED 


orifice. The actual velocity is ascertainable by the following rule: — Multiply 2500 times 
the diameter of the pipe in feet by the height in feet, and divide the product by the length 
in feet, increased by 50 times the diameter ; the square root of the quotient will be the 
velocity of discharge in feet per second. If we take the rubbing surface of the screw, 
reduced to an equivalent number of square feet, moving with the same average velocity, 
and if we take a pipe of such a diameter that a pound of water just covers a square foot of 
its internal surface, then, if this pipe be set at such a declivity that the velocity of the water 
within it comes up to the velocity of the screw, but docs not exceed it, it is clear that the 
gravitation down the plane of the water in a foot length of the pipe will be the same as 
the friction in pounds upon a square foot of its internal surface, which again is equal to 
the mean friction in pounds upon a square foot of the surface of the screw. All rivers 
which flow with a uniform velocity have the gravitation of the water down the inclined 
plane of the bed balanced by the friction of the water upon the bottom and sides of the 
channel ; and with any given declivity of bed, the velocity of a river will increase in pro- 
portion to its depth and size, there being relatively less rubbing surface when the volume of 
water is great. 

In steam vessels of the usual form, and with the ordinary rates of speed, the resistance 
of the vessel, or what comes to the same thing, the amount of thrust necessary to be 
imparted by the paddle or screw shaft, increases very nearly as the square of the velocity ; 
and as in order to communicate twice the velocity to the vessel, the engines must not merely 
be able to work against four times the load, but must also move with twice their previous 
speed, the power expended in a given time will be nearly os the cube of the velocity of the 
vessel. Contrariwise, if the engine power of a vessel be increased while her immersion and 
other elements remain without alteration, her speed will be increased in the proportion of 
the cube root of the increased power. If, therefore, the engine power of a given vessel be 
doubled, her speed will be increased in the proportion of the cube root of 1 to the cube root 
of 2, or in other words in the proportion of 1 to 1-25. If the original speed of the vessel 
therefore were 10 knots an hour, the effect of doubling the power would be to raise the 
speed to 1 2 J knots an hour. While however this result may be confidently expected in the 
case of such speeds as 10 or 12 miles per hour, it docs not follow that the law will apply in 
the case of such speeds as 18 or 20 miles an hour, supposing the same form of vessel to be 
retained. Indeed it is well known that at high velocities the resistance of any given vessel 
increases in a higher ratio than the square of the speed. The main cause of this accelerated 
increase in the resistance in the case of high speeds, is traceable to the inability of the water 
to close in at the stem of the vessel with sufficient rapidity to impart its proper pressure 
thereto, and in addition therefore to the ordinary resistances, the vessel has under such 
circumstances to encounter the hydrostatic pressure due to the deficient gravitation of the 
water against the stern. At high speeds it is consequently indispensable to make the stem 
very fine, else the vessel in passing through the water may leave a vacant space behind her, 
and the resistance will be enormously increased thereby. Each diflTcrent speed, indeed, has 
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a corresponding form of vessel, which will make the resistance a minimum. A vessel with 
any given amount of power, and with any given displacement, may be sharpened so much 
that an additional sharpening would increase the resistance, by increasing the friction of the 
bottom in a greater ratio than the bow and stern resistances were diminished. And when, 
by adopting such on amount of sharpness as gives the best result the total resistance is 
brought to a minimum for one particular amount of power, it will be found that a further 
sharpening is necessary to make the resistance a minimum for an increased amount of power. 
In practice cases have occurred where a vessel has been made too sharp, since with the same 
engine power placed in a blunter vessel a better speed was obtained. But with on increased 
power the sharper vessel would have afforded the best result. It appears probable, more- 
over, that in the case of high speeds maintained by very sharp vessels, the resistance will 
only increase up to a certmn point, and will then either remain stationary or increase very 
slowly. For in well formed vessels nearly the whole resistance is caused hy the friction 
of the water upon the bottom, which causes a stratum of water to adhere ; but at high 
velocities, instead of adhering, the water may be torn off, and the resistance may be 
materially affected thereby. 

The disadvantage of a deficient sharpness of the stem of a vessel is materially 
aggravated if the vessel be set to ply in shallow water ; for in such circumstances the 
friction of the water upon the ground retards its entrance into the vacant space caused by 
the motion of the vessel. Practically, therefore, the existence of shallow water is tanta- 
mount to an increased fullness of the stem. In other words, if two vessels of the same 
speed be taken, and one of them be set to ply upon shallow water, then the velocity will 
be so much reduced, from the difliculty of the water flowing in at the stem, as will be 
equivalent to the retardation caused in the other vessel by increasing the fullness of the 
stern. AVTiatever sharpness of the stem, therefore, it may be found advisable to give to 
ordinary vessels moving with a given speed in deep water, must be very much increased in 
the case of vessels intended to move with the same speed in shallow water. In all cases it 
is found that vessels plying in shallow water attjun the best speed when trimmed very 
much by the head. The stem is thus partially raised out of the water, and made virtually 
finer than before ; and vessels intended to ply upon shallow lakes or rivers should not 
merely be made very sharp at the stem, but the greatest immersion should be near the 
bow, from whence the keel should rise gradually upward towards the stem until it eomes 
out of the water altogether. The higher the speed that is intended to be maintained the 
more imperative becomes the condition of giving extreme sharpness to the stem ; and by no 
other known method of constmetion is it possible to navigate shallow waters at a consider- 
able rate of speed. 
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CONFIOraATIOS AND PBOPORTIONS OF THE SCREW PROPELLER. 

The screw propeller, as now commonly applied to the propulsion of vessels, consists of 
two or three helical or twisted blades set upon a shaft or axis, revolving beneath the water 
at the stem. The shaft where it protrudes through the stern of the vessel is surrounded 
by a stuffing-box, containing hemp packing, whereby the entrance of the water into the 
vessel is prevented, and the extremity of the shaft in the rear of the screw is supported 
in a socket or bearing attached to the rudder post. This post rests upon the keel, and 
from it the rudder is suspended. The screw revolves in that thin part of the stern of the 
ship which is called the deodwood, in which a hole of suitable dimensions is cut for its 
reception ; and the thrust or forward pressure caused by the action of the screw upon the 
water is transmitted to some point within the vessel, which can be amply lubricated. The 
most perfect lubrication of this point is indispensable to counteract the friction caused by 
the combined thrust and rotation of the shaft, and cases have occurred in practice in which 
the end of the shaft became white hot even with a stream of water playing upon it, and 
actually welded itself to the steel plate against which it pressed. It is the thrust of the 
shaft which is operative in propelling the vessel, and the amount of this thrust can be 
measured by means of a dynamometer applied to the end of the shaft within the vessel. 

The diameter of the screw is the diameter of the circle described by the arms ; and the 
length of the screw is the length which the arms occupy upon the revolving shaft. If a 
string be wound spirally upon a cylinder it will form a screw of one thread. If two strings 
be wound upon a cylinder with equal spaces between them they will form a screw of two 
threads. Three strings similarly wound will form a screw of three threads, and so of any 
other number. If instead of strings flat blades be wound edgeways round the cylinder, and 
if each blade has one of its edges attached to the cylinder by welding, soldering, or other- 
wise, then if a slice be cut off the end of the cylinder there will be only one piece of blade 
attached to that slice if the screw be of one thread, two pieces of blade if the screw be of 
two threads, three pieces of blade if the screw be of three threads, and so of any number. 
The number of blades, therefore, of any screw determines the number of threads of which 
it is composed, and this indication equally holds however thin the slice cut off the end of 
the screw may be. 

The pitch of a screw is the distance measured in the direction of the axis between any 
one thread and the same thread at the point where it completes its next convolution. Thus 
a spiral staircase is a single-threaded screw, and the pitch of such a screw is the vertical 
distance from any one step to the step immediately overhead. Ordinary screw propellers 
are not made nearly so long as what answers to a whole convolution, and in speaking of their 
pitch, therefore, it is necessary to imagine the screw to be continued through a whole convolu- 
tion at the same angle of inclination with which it was begun. Of this whole convolution 
any given projxjrtion may be employed us a propeller, and the length of a screw therefore 
cannot be determined from the pitch, neither can the pitch be determined from the length. 
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The form of screw most frequently employed in this country is a screw of two blades 
or threads. The pitch of the screw is usually made equal to its diatnetcr, or a little more, 
and the length of the screw is usually made equal to one-sixth of the pitch. The thrusting 
surface of the screw is measured by the area of the circle described by the arms, which is 
termed the area of the screw’s disc. The screw’s disc has generally about 1 square foot of 
area for every 2^ or 3 square feet in the immersed transverse section of the vessel. Thus, a 
vessel with 226 square feet of immersed section will have a screw of such diameter, that 
the disc will have an area of about 75^ square feet. This answers to a diameter of screw of 
10 feet. The pitch of such a screw should be about 11 feet, and the length of the screw 
about 1 foot 10 inches. These proportions are those proper for screws with two blades fitted 
to vessels of 800 or 1000 tons ; but they will also apply to screws with three blades; and 
with small vessels a larger screw in proportion should be employed. 

POSITIVE AND NEGATIVE SLIP OF THE SCREW. 

By slip, it will be recollected, is meant the difference between the actual advance of the 
propeller through the water and the advance which would be accomplished if there were no 
recession of the water produced by the pressure of the propelling surface. A screw of 
10 feet pitch, if working in a stationary nut, would advance 10 feet for every revolution it 
performed ; but, when such a screw acts in the water, it may only advance 9 feet for every 
revolution, — the water being, during the same time, pressed back 1 foot, from its inertia 
being inadequate to resist the moving force. In such a case the slip is said to be 1 foot in 
10, or 10 per cent. With every kind of propeller which acts upon water, there must be a 
certain amount of slip ; for any force, however small, will overcome the inertia of the water 
to a certain extent ; but, by so proportioning the propelling apparatus that it will lay hold 
of a large quantity of water, the backward motion of the water will be small relatively with 
the forward motion of the vessel, — or, in other words, the slip will be reduced to an 
inconsiderable amount. 

One of the most remarkable phenomena connected with the action of the screw is, that 
under some circumstances its apparent progress thi^oagh the water is not only as great as 
that of the ship, but greater. In some of the early voyages of the “ Archimedes,” when the 
vessel was proceeding under the joint action of steam and sails, it was found that the 
progress made by the vessd through the water was greater than if the screw worked in a 
solid nut. It was from hence inferred that the ship must be overrunning the screw ; yet 
that, it was also plain, could not be the case, as the engine was all the while well supplied 
with steam, and had the usual load upon it. The engine was, therefore, evidently driving 
something, and it was certain that the mere friction of the machinery and of the screw in 
the water could not consume all the power. There was also the usual thrust upon the 
screw shaft ; so that the screw, although moving slower than a potent log would do, if put 
over the stem, was nevertheless propelling the vessel. Shortly afterwards, the vessel was 
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fitted with a number of different screws by Mr. Brunei, and it was ascertained that witli 
some of these screws the vessel went faster without the aid of sails, than if the screw had 
been working in a solid nut. In various other vessels the same action has since been 
observed ; and if the pitch of the screw be made much less than the diameter of the screw, 
this action is very likely to follow. At first the phenomenon appeared so paradoxical as to 
be pronounced incredible ; but it is now known to be a fact ; and the action has been ascribed 
to the circumstance of the screw working in a column of water which follows the ship, 
instead of in the stationary water of the sea. 

When a strong current of water runs through the arches of a bridge, the water may 
be observed to curl around those ends of the piers which stand lowest in the stream ; and if 
a chip of wood be thrown into that spot, it will not be carried off by the stream, but will 
remain at rest, showing that the water is not in motion in that place. Xow, if we suppose 
a screw to be placed in this stationary water, it will be obvious that any movement of 
rotation given to it will produce some thrust upon the screw shaft ; whereas if the screw 
were placed in the stream, it would require to revolve faster than the stream runs, before 
any thrust upon the screw shaft could be produced. If, now, we suppose the pier to be a 
ship, the other circumstances we have specified will not be altered thereby; and it is 
conceivable that a screw acting in this dead water, might enable the vessel to stem the 
current, even though the screw moved with a less velocity than that of the current itself. 
Tliat the screw will exert some reacting force upon this dead water, even with any speed of 
rotation, is obvious enough ; but whether with a speed inferior to that of the stream, it will 
produce a sufficient thrust to enable the vessel to stem the current, will depend very much 
upon the shape of the vessel and the dimensions of the screw employed. If the pitch be fine, 
and the number of revolutions answering to a given speed of vessel be great, there will be a 
tendency to pile up the water at the stem, owing to the adhesion of the water to the rapidly- 
revolving blades, and the consequent acquisition of a considerable centrifugal force by the 
water. Where this action occurs, the vessel will be forced forward, to some extent, by the 
hydrostatic pressure produced by the elevation of the water at the stern, and this pressure 
will aid the thrust of the screw. If, then, by such an arrangement, a vessel could be made 
to stem a current, she could obviously, under like conditions, be made to move through still 
water. All vessels carry a current in their wake, which answers to the dead water in the 
case of the bridge ; and if the screw acts in this current, then the apparent slip will be 
positive or negative, just as the real slip or the velocity of the Current may preponderate. 
In every case the screw must have some sUp relatively with the ■water in which it acts, but 
if that water has itself a forward motion, the result cannot be the same as if the water were 
stationary, and it will be necessary to reckon the forward motion of the current as well as 
the forward motion of the ship. Thus, if the real slip of the screw be three miles an hour, 
and the following current mns at the rate of three miles an hour after the ship, then there 
will appear to be no slip, if the comparison be made with the open ocean on each side of the 
vessel ; or there will appear to be a negative slip, as it is termed, of one mile an hour, if the 
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following current runs at the rate of four miles an hour. The whole perplexity vanishes, 
if we consider that a current follows the ship at a rate which may be either greater or less 
than the slip of the screw. This current is confined to the water very close to the ship ; so 
that a log, whether of the ordinary or the patent kind, will not take cognisance of it, if 
thrown over the stem. But if a patent 1<^ were to be set in the spot where the screw 
revolves, it would show the velocity with which the vessel leaves the current, and the real 
slip of the screw would then be ascertained. It appears not improbable, moreover, that the 
centrifugal action of the screw, besides piling up the water at the stern, and tlius forcing 
the vessel on with a velocity which may be greater than that of the screw, also causes a 
current of water to flow radially from the centre of the screw to its circumference ; and this 
stream of water, by intervening between the surface of the screw and the nut of water in 
which it works, may assist in making the vessel travel faster than the screw itself. In all 
screw vessels I believe the slip to be greater than it is commonly reckoned, for in all of them 
there is a following current in which the screw works ; and as, in some cases, this current 
conspires to make the apparent slip to disappear altogether, so it %vill, I believe, in every 
case reduce the visible slip to a less amount than the real slip, and it is the real slip which 
it concerns us to determine. There is no benefit derived from the existence of a following 
current in screw vessels; for to produce the current requires a large expenditure of power; 
and in screws so proportioned as to produce a negative slip, a worse performance has been 
obtained than in cases in which screws producing an apparent slip of 10 to 20 per cent, 
have been employed. 


CENTRirnGAL ACTION OF THE SCREW. 

In the ordinary form of screw with helical blades standing at right angles with the 
axis, there is some loss of power from the centrifugal velocity given to the water, even 
under the most favourable circumstances which can attend its operation. But when the 
speed of the vessel is arrested by head winds or otherwise, a large proportion of the 
engine power is thus uselessly dissipated. At no time is the water thrown back in a 
cylindrical column from such a screw; but the water has the figure of the frustum of a 
cone, with the smallest end against the screw, even when the vessel is proceeding with little 
slip. If, however, the course of the vessel through the water be resisted, so that the screw 
has less of a progressive motion in the water, the arms act like those of a centrifugal fun, and 
the central part of the screw may, in some cases, become a hollow space in which tliere is 
no water at all. The result of this operation is, that tlie screw moves with nearly the same 
velocity as if there were no extra impediment ; yet there is no increased thrust upon the 
screw shaft, and power is lost by slip to a very serious extent. These defects are more 
conspicuous in vessels of shallow draft, and using screws of small diameter, than in deep 
vessels with large screws ; and in cases where the screw is above the water, when the vessel 
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is stationaiy, it becomes covered so soon as the vessel gets under weigh, owing to the 
volume of water throwni upward by its centrifugal action. It is found, also, that in small 
and shallow screw vessels, the engines, if set on at their full power when the vessel starts, 
instead of moving slowly at first, until the inertia of the vessel is overcome, as in the case 
of paddle vessels, actually run atcay, if permitted, and throw up a cascade of water at the 
stern. Such a result, if it only happened when the vessel was being started, would not be 
of much consequence; but it also occurs, to a greater or less degree, when the vessel is 
resisted by a head wdnd or sea; and this peculiarity of the screw renders it much less 
eligible than the paddle for propelling vessels head to wind. To some extent, this fault 
may be corrected by bending back the arms of the screw towards the stem, in the manner 
suggested by the Earl of Dimdonald and by Hodgson; or it w’ill be still more cfiectually 
remedied by Holm’s screw, which has been invented since the first edition of this work was 
published. But in the case of vessels in which a deep draft of water is permissible, the 
most obvious remedy lies in sinking the screw deeper in the water. I consider that in no 
screw vessel has the screw yet been sunk sufficiently deep in the water. If the screw be 
but little immerged, it follows that the water is thrown backwards or outwards faster than 
the particles of water can descend by gravity from the surface of the fluid to fill the vacuity 
up. The efficient diameter of the screw is consequently greatly diminished, and a serious 
loss of power by slip is the necessary result. It is obvious that the velocity with which the 
water will rush into any empty sjaice caused by the centrifugal or repellent action of the 
screw, depends upon the head of water above that empty space ; or, in other words, upon 
the amount of the screw’s immersion : and to prevent a vacant space from being formed, 
therefore, at the stern, the screw must be sunk in the water ns deeply as possible. A deep 
screw is better than a large screw, as it presents less surface for friction, and will be equally 
efficient in preventing slip. 

It will be seen from this recapitulation, that the centrifugal action of the screw operates 
detrimentally in two ways: first, in occasioning a dispersion of the water in a radial 
direction, whereby power is consumed without any equivalent advantage; and, second, 
in so reducing the efficient diameter of the screw, that the necessary reaction cannot be 
obtained unless the screw moves with a very great velocity relatively with the velocity of 
the vessel. A wasteful amount of slip is thus produced, and the high velocity of the screw 
increases its centrifugal action and adds to the loss sustained from that cause. Under such 
conditions I believe the effective part of the screw’s disc to be reduced to a sort of half 
moon occupying the inferior portion of the circle. At the lower part of the disc the 
hydrostatic pressure compels the water to enter the circle described by the arm.s ; but, in 
the other portions of the disc, I believe the water to be, to a considerable extent, shut out, 
or to be driven ouUcards instead of backwards, as ought to be the case. To recover some 
portion of the power thus dissipated, it has been proposed to surround the screw with a 
species of shrouding, which should receive an impulse from the moving water in the manner 
of a turbine ; and the power thus recovered was to be rendered available in aiding the 
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screw’s rotation. But such an apparatus would bo too complicatorl, and would cause too 
much friction to be usefully available in practice. It has also been proposed to enclose the 
screw in a tube ; but screws working in this manner have been found to give less favourable 
results than scre^vs working in open water. In Ericsson’s j)rojiellcr a hoop encircles the 
propelling blades, which will prevent the radial disiiersion of the water to some extent. 
Nevertheless, this expedient docs not adequately meet the evil; but its efficacy would 
probably be somewhat increased if the hoop, instead of being made to encircle the blades, 
were set a little a.stem of them, so that it would more effectually encounter the conical 
column of water caused by the combined operation of the slip and the centrifugal force. In 
common screws some benefit would probably be derived frtan bending or curving the blades 
sideways to a certain extent, so that the water, in flowing outwards, would impinge ujjon 
the curve, and aid the revolution of the screw. But the most effectual expedient of alt is 
to sink the screw more deeply in the water ; for, by this procedure, the centrifugal action 
and the inability of the water to obtain access to the heart of the screw will be simultaneously 
remedied. The deeper the screw is sunk in the water, the higher becomes the column which 
the centrifugal action must support, and an increased impediment to the radial dispersion of 
the water is thereby afforded. At the same time, the hydrostatic pressure of a high column 
compels the water to enter instantly into any vacuity caused by tlie action of the screw, or 
rather prevents such a vacuity being formed at all : and the screw will thus always have 
solid water to act >ipon. A vessel, of which the screw is sunk deeply in the water, will be 
able to contend with head winds as effectually as a paddle vessel ; for the speed of the engines 
will be in all cases proportional to the speed of the ship, and the amount of slip will be 
nearly unifonn whether the winds are favourable or adverse. No doubt, even with a deep 
screw there wall be some centrifugal action caused partly by the impulse of the propelling 
blades and partly by the friction, which will cause some water to adhere to them, and 
acquire thereby a centrifugal motion. But when the slip is rendered uniform by the use of 
a deep screw, any centrifugal action which remains ca nfor the most part he counteracted by 
giving a suitable form to the screw itself. With a uniform amount of slip there will be a 
unifonn amount of centrifugal motion ; and a unifonn amount of centrifugal motion may 
be counteracted by unparting to the water such an amount of centripetal motion as will 
balance it precisely. This may be done by slightly bending backwards the arms of the 
screw, so that the centre of the arms shall be somewhat in advance of their extremities. 
Such a screw gives to the particles of water an impulse which would cause them to converge 
at a point if no counteracting force were applied ; but, as they simultaneously receive a 
centrifugal impulse, they wdl follow a course iutermediate between a convergent and a 
divergent one, — or, in other words, they will be projected backwards from the screw in a 
cylindrical column of the same diameter as the screw itself. 
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CHAPTER IV. 

COMPARATIVE EFFICIENCr OF THE SCREW ASD PADDLE AS A PROPELLER. 

The comparative efficiency of the screw anJ paddle as a propeller can only be ascertained 
by finding the velocity given by either instrument to a vessel of a given form, when using 
the same amount of engine power. Approximations to such a determination were made in 
the early career of screw propulsion, by comparing the speed of the screw vessel “ Archi- 
medes " with the speeds of various paddle vessels of about the same power and size. But 
more conclusive experiments have been subsequently made upon the sister vessels “ Alecto ” 
and “ Rattler,” and the sister vessels “ Basilisk ” and “ Niger ; ” the “ jVlecto ” and 
“ Basilisk ” being paddle vessels, and the “ Rattler " and “ Niger ” screw vessels. These 
vessels were built specially to illustrate this particular question, and the results which the 
experiments upon them have afforded constitute the best guide that we yet possess in this 
branch of the subject. 


“ ARCHIMEDES ” AND “ WIDOEOB." 

In 1810 various experiments were made to determine the speed of the “ Archimedes” 
as compared witli that of the mail packets “ Ariel," “ Swallow,” “ Beaver,” and “ Widgeon,” 
plying between Dover and Calais. The main dimensions of these several vessels were as 
follows : — 



Length. 

Brand Ui. 

. 

Tonnjigv. 

Pov«r, 

Ares of 

Midship ScetMCk 

Speed in 
Statute Milrt. 


Fcft. 


Torn- 

Iloraei. 

8q. Fe«t. 


Ariel - - . 

108 

17-3 

152 

60 

95 

10-4 

Swallow 

107*6 

14*8 

133 

70 

84 

10*4 

Beaver 

102-2 

16 

128 

62 

84 

11-2 

Widgeon 

106 

17*10 

162 

90 

95 

103 

Archimedes • 

106 

21-10 

237 

80 

143 



The first trial was made between the “ Archimedes” and the “ Ariel,” both vessels using at 
the time sail and steam. The “ Archimedes ” beat the “ Ariel " by 6 minutes between 
Dover and Calms, and on the return voyage, both vessels still using sail and steam, the 
“Archimedes” again beat by 5 minutes. The speed maintained was knots. Tlie next 
trial of the “Archimedes" was with the “Beaver,” between Dover and Ostend. Here the 
sjieed maintained on the outward voyage was 9 ^ knots, and on the homeward voyage knots. 


Digitized by Google 




COMPARATIVE EFFICIENCY OF SCREW AND PADDLE. 


nr 


Outwards the “ Archimedes" i>eat the “ Beaver” by 4 minutes, and homeward the “ Beaver” 
beat the “Archimedes” by 9 minutes. The next vessel against which the “Archimedes” was 
fried was the “Swallow,” and under steam alone without any sails being set, the speed of the 
“Archimedes” was found to be somewhat greater than that of the “Swallow.” The next 
vessel against which the “ Archimedes ” was tried was the “ Widgeon.” On a distance of 
19 miles, with a light following wind, but no sail set, the “ Widgeon” beat the “ Archi- 
medes” by six minutes ; the sp<‘ed of the “ Archimedes” being 8J knots. In returning with 
a moderate head wind the “Widgeon” beat the “Archimedes” by 10 minutes; the speed 
of the “Archimedes” being then from 7J to 8 knots. In a subsequent trial with no wind 
and the sea quite smooth, the “ Widgeon” beat the “Archimedes,” minutes on 19 miles. 
In a subsequent trial with a fresh breeze, and both vessels carrying sail, the “ Archimedes ” 
beat the “Widgeon” by 9 minutes on 19 miles. The “Archimedes” on one of these 
occasions performed the distance from Dover to Calais in 1 hour 53J minutes, being the 
swiftest passage which had then been performed. Upon the whole, the result of these trials 
showed that in head winds or calms the paddle vessel had an advantage ; but in beam or 
other winds where sail could be set, the screw vessel had an advantage. The screw vessel, 
however, spread the most canvas, but she had also the largest midship section and the 
least proportionate power. 


“ RATTLER ” AND “ ALECTO.” 

The experiments with the “ Rattler ” and “ Alecto ” give more precise results than 
those afforded by the foregoing. The vessels were more exactly alike than in any previous 
instance, and the ])ower exerted by the engines of both vessels was ascertained by the 
indicator. The thrust also upon the screw shaft was ascertained by the d 3 'namomefer, an 
instrument consisting of a combination of levers, like a weighing machine for carts, in which 
a small weight balances a heavy pressure. The following are the principal dimensions of 
the two vessels : — 



Length. 

Breadth. 

Tonnage. 

Powvr. 

Arm of Mtdahip 
Sfvtiofl at 1 ift. in. 
Draft. 


Ft. iA. 

FI. In. 

Tuna. 

Horae. 


Rattler 

176 6 

32 61 

866 

200 

281-8 

Alecto 


32 8| 

800 

200 

281-8 


The only difference in the form of the vessels was, that the “ Rattler ” was lengthened 
out about 15 feet at the stern, to facilitate the introduction of the screw. The draft of 
water of the “ Rattler” at the time of trial was forward, 11 feet 9 inches, and aft 12 feet 
11 inches, making the mean draft 12 feet 4 inches. The draft of water of the “ Alecto" at 
tlie time of trial was forward, 12 feet, aft 12 feet 7 inches, making the mean draft 12 feet 
3} inches. 
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First Trial. — This trial was made under steam only. The weather was calm, and the 
water smooth. At 54 minutes past 5 in the morning Ijoth vesseb left the Nore, and nt 30J 
minutes past 2 the “ Rattler ’’ stopped her engines in Yarmouth Roods, where in 20J 
minutes afterwards she was joined by the “Alecto.” The mean speed achieved by the 
“ Rattler ” during this trial was 9'2 knots per hour ; the mean speed of the “ Alecto " was 
8'8 knots per hour. The slip of the screw was 10'2 per cent. The actual power exerted 
by the engines as shown by tlie indicator was, in the case of the “ Rattler,” 334'6 horses, 
and in the case of the “ Alecto,” 281’2 horses, being a difTerence of 53’6 horses in favour of 
the “ Rattler.” The forward thrust upon the screw shaft was 3 tons 17 cwt. 3 qrs. 141bs. 
The horse power of the shaft obtained by multiplying the thrust in pounds by the space 
passed through by the vessel in feet per minute, and dividing by 33,000, was 247'8 horses 
power. This makes the ratio of the shaft to the engine itower as 1 to T3. 

Second Trial. — This trial was made under the conjoint action of sails and steam, with a 
moderate breeze astern and smooth water. At 32 minutes past 3 p. M. both vessels sDirtcd 
abreast from Yarmouth Roads, steering to the Nortli. -A.t 21 minutes past 6 P. m. the 
“ Rattler” stopped her engines and rounded to, and at 34 j minutes past C the “ Alecto” 
rejoined her. The distance run was 34 miles, in which distance the time gained by the 
” Rattler” was 13j minutes. The mean speed of the “ Rattler" during the trial was lldt 
knots j>er hour. The mean speed of the “Alecto” during the trud was 11 2 knots per 
hour. 

Third Trial. — This trial was made under steam alone against a strong head wind and sea. 
At 22 J minutes past 9 a.m. the two vessels were abreast, steering northward at full speed. 
At 10 the “ Rattler's ” steam having lxx>n accidentally permitted to become deficient in 
pressure, the “ Alecto,” which had fallen astern, came up alongside. At 44 minutes past 
10 the “ Alecto ” had again fallen astern about a mile. The course was then changed so 
as to bring the wind and sea upon the larboard bow. At 17J minutes past 5 p. m. the 
“ Rattler ” stopped her engines and anchored, and at 56 J miniites past 5 the “ Alecto ” 
came up. The distance run was 60 miles, and the time gained by the “ Rattler ” in that 
distance was 39 minutes. The mean speed of the “ Rattler” during this trial was7'5 knots 
per hour ; the mean speed of the “ Alecto ” was 7 knots per hour. The speed, however, 
varied considerably during the run. At its commencement, when the wind was right 
ahead, and blowing very strong, the speed of the “ Rattler ” was only 5'5 knots per hour ; 
whereas, towards its termination, when the wind and sea had moderated, and had been 
brought by the change of course more upon the larboanl bow, the speed increased to 8-8 
knots per hour. At the commencement of the run, the actual power exerted by the engines 
was, in the case of the “ Rattler,” 364 horses, and in the cose of the “ Alecto,” 250, Ijeing 
an excess of i>ower e.xerted by the “Rattler" of 114 horses. The mean slip of the screw 
was, during the same period, 42‘2 per cent. The thrust of the screw shaft during this time 
varied considerably, owing to the pitching of the ship. The minimum thrust was 2 tons 
5 cwt. 2 qrs.; the maximum thrust, 5 tons 13 cwt. 3 qrs., and the mean thrust 4 tons 4 cwt. 
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2 qrs. 18 Iba. The horse power of the shaft, with a speed of 5'5 knots, was 160'2 horses ; 
and the ratio of the sliaft to the indicator ixiwer was as 1 to 2-2. When the speed rose 
to 8‘8 knots, the other particulars of tlie perfonnancc became as follows : — Actual power 
exerted by the engines, 388 horses ; minimum thrust of the screw shaft, 1 ton 16 cwt. 

3 qrs. ; maximum thrust of the screw shaft, 5 tons 5 cwt. ; mean thrust of the screw shaft, 

4 tons 2 cwt. 2 qrs. 23 lbs.; horse power of shaft, 219 horses; ratio of shaft to engine power, 
1 to 1'5 ; mean slip of the screw, 19-1 per cent. 

As a sequel to the foregoing trial, the vessels made a short run under steam alone 
before the wind, but without sail, and with the .spars struck. The wind had by this time 
moderated, and the water had become smooth. The speed realised by the “ Rattler ” was 
10 knots per hour. The slip of the screw was 11'2 per cent. The octual power exerted 
by the engines of the “Rattler" was 368’8 horses; the actual power e.\ertcd by the engines 
of the “ Alceto ” was 291'7 horses. The thrust of the shaft was equal to a weight of 4 tons 
4 ctvt. 1 qr. 1 lb. The horse power of the shaft was 290‘2 horses, and the ratio of the 
shaft to engine jxiwer as 1 to 1'2. The results of this trial are remarkable for the near 
equality of the shaft and engine power. The more nearly alike those powers are, the more 
efficient is the operation of the screw. 

Fourth Trial This trial was made under sail only with the wind astern. To enable it 

to be accomplished, the “ Alceto ” had to unship her paddle boards ; and in the “ Rattler ” the 
screw was set vertical, so os to bring it in a line with the stem jxjst. At 42 minutes past 
4 P. M. the vessels were abreast, steering northward under all plain sail, and topmast ami 
lower studding sails. At half-past 6, the “ Alecto ” being astern 2,503 yards, as detennined 
by angulation, the “ Rattler ” shortened sail, and the trial terminated. The speed of the 
“ Rattler " varied from 5 to 6^ knots. The breeze was moderate, and the water smooth. 
At one period of this trial it was found that the screw had been accidentally left in a 
horizontal position ; but the difference of speed gained by restoring it to the vertical 
position was not considerable. 

Fifth Trial. — This trial was also made under sail only, on a wind. At half-past 9 A. m. 
both vessels started on the port tack under all plain sail. The speed was about 3 2 knots 
an hour. At noon, the wind having shifted, both vessels tacked. At half-past 2 the “ Rattler ” 
ranged up to windward of the “ Alecto," and a trial of 5 hours was closed with a slight 
advantage on the part of the “ Rattler.” The wind was moderate, and the water smooth. 

Sixth Trial. — This trial was also made under plain sail only, with the wind a-beam. At 
33 minutes past 2, both vessels started under all plain sail, with smooth water and a freshen- 
ing breeze. At half-past 3 the “ Rattler,” then going 10 knots, took in her top-gallant sail, 
and reset it at half-past 4. At 52 minutes past 5 the “Rattler” shortened sail, and was 
joined by the “Alceto" at 32 j minutes past 6. The mean speed of the “ Rattler” was 8 
knots an hour; and, in a trial of 4 hours, she gained in time about 38 minutes. 

Seventh Trial In this trial the “ Rattler," under steam only, was set to tow the 

“Alecto,” from which vessel the paddle-boards had first been removed. The water was 
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perfectly smooth, and there was no wind. The speed of the “ Rattler ” with the “ Alecto ” 
in tow was found by the {latent log to be about 7 knots. The aetual power exerted by the 
engines of the “Rattler” during this trial was 351'G horses. The mean thrust u{Kin the 
screw-shaft was 4 tons 11 cwt. 3 qrs. 2 lbs. The horse power of the shaft was 222‘B horses ; 
the ratio of shaft to engine {xiwer was 1 to 1'5, and the slip of the screw was 33'6 per cent. 

Eighth Trial. — In this trial the “ Alecto," under steam only, was set to tow the 
“ Rattler,” in which vessel the screw was set vertical, so as to come in the line of the stern- 
{x»t. The sjiecd of the “ Alecto ” with the “ Rattler ” in tow was ascertained by the {latent 
log to be somewhat under 6 knots. The “ Rattler," therefore, had an advantage of s{ieed 
when towing, of somewhat more than a knot an hour. But her engines exerted consider- 
ably more power than those of the “ Alecto," and consequently required more coals to supply 
them with steam. 

Ninth Trial. — In this trial the ships were tied stem to stem, and the engines of both 
were then set on so as to determine which exerted the largest amount of tractive force. As 
it was supposed by some {lersons that the vessel whose engines were first started would gain 
an advantage which she would aftenvards retain, the “ Alecto " was permitted to start her 
engines first, and to tow the “ Rattler ” astern at the rate of 2 knots an hour, before the 
“ Rattler's ” engines were set on. In 5 minutes after the engines of the “ Rattler " had 
been started, her stern way was arrested, and the two vessels were standing still ; the 
“ Rattler '' then gradually moved ahead, and dragged the “ Alecto ” astern against the whole 
force of her engines, at a s{iced of 2'8 knots an hour. 

The {lower actually c.'certed by the engines of the “Rattler” during this trial was 299'8 
horses. The powiT actually e.vertcd by the engines of the “Alecto” was 1407 horses; 
being less than half the preceding. The mean thrust of the screw shaft was equal to a 
weight of 4 tons 1 3 cwt. 3 qrs. 5 lbs. The horse power of the shaft was 90'4 1 horses ; the 
ratio of shaft to engine {lower 1 to 3'3, and the slip of the screw G6 per cent. 

These towing experiments exhibit, in a conclusive manner, one of the main defects of 
the screw' : namely, its a{)proach to a uniform 8{ieed under all variations of resistance ; for, 
as the vessel cannot proceed witli nearly the same velocity when the resistance op{x>sed to 
her progress is greatly increased, there must bo a large amount of slip, under such circum- 
stances, if the pro{)cller maintains a nearly uniform S{)eed, and {xiwer and coals will be thus 
uselessly consumed. Now, the number of strokes made by the engines of tlie “Rattler" 
and “ Alecto ” respectively, in the several trials of which the results have been already re- 
capitulated, were, in the firet trial, “Rattler” 23^, “Alecto" in the third trial, 

“ Rattler" 22J, “Alecto” 18; in the seventh trial, “ Rattler” 24 J, and in the ninth trial, 
“ Rattler ” 19, “ Alecto" 8|. Thus such an increase of the resistance ns sutliccd to reduce 
the speed of the engines of the “ Alecto ” from 19^ strokes to 8p or more than half, reduced 
the 8{)ced of tlie engines of the “Rattler” only from 23J to 19, or not so much as one- 
fourth. In the screw, therefore, when the vessel is resisted by any opposing force, the loss 
by slip is much greater than in tlie paddle ; and in this particular experiment the screw 
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lost more power by slip thnn was consumed in the paddle vessel altogether. Thus, if from 
the indicator power of 299‘8 horses we subtract the shaft power of 90-41 horses, we have 
209-39 horses ns the amount of power consumed by slip and friction in the “ Rattler.” 
But the total power expended in the “ Alceto” was only 140-7 horses altogether. 

After the experiments upon towing had been concluded, two exjwriinents were made 
to ascertain the results obtainable in the “ Rattler” with a diminished power. The weather 
was calm and the water smooth, and the speed obtained when the engines were set to work 
on the lowest grade of expansion, was 8 knots an hour. The number of revolutions made 
by the engines in the minute was 21 ; the power actually exerted by the engines was 204-7 
horses. The thrust upon the shaft was equal to a weight of 2 tons 15 cwt. 1 qr. 25 lbs. 
The horse power of the shaft was 152-6 horses, and the ratio of the shaft to the engine 
power was os 1 to 1-3. The slip of the screw was 12-2 per cent. 

The steam was next further shut off until the speed was reduced to 6 knots. The 
number of strokes of the engine in the minute was then 17 ; actual horse power 126-7 ; 
thrust upon the shaft 2 tons 2 cwt. 3 qrs. 14 lbs.; horse power of shaft 88'4 horses; ratio 
of shaft to engine power 1 to 1-4 ; slip of the screw 18-7 per cent. These results show that 
the slip is not diminished, nor the proportion of the shaft power increased by making the 
engine-power small relatively with the diameter of the screw. And in vessels with auxiliary 
power therefore, and indeed in all vessels the screw must be proportioned to the resistance, 
and not to the engine power. 

Tenth Trial This trial was made under steam only, w-ith the wind four points on 

the larboard bow. The distance run was 72 miles. The time occupied by the “ Rattler” 
in performing this distance was 4 hours 31 J minutes; and by the “ Alecto" 5 hours 22J 
minutes. The average speed of the “ Rattler ” during the trial was 9-07 knots, and the 
average speed of the “ Alecto” was 8-19 knots. The number of strokes per minute made 
by the engines of the “ Rattler” was 24 J, and by the engines of the “Alecto" 18. The 
power actually exerted by the engines of the “ Rattler " was 324 horses, and by the engines 
of the “ Alecto ” 245-8 horses. The thrust upon the screw shaft was equal to a weight of 
3 tons 10 cwts. 1 qr. 3 lbs. The horse power of the screw shaft was 219-2 horses. The 
proportion of shaft to engine power was os 1 to 1-4 ; and the slip of the screw was 11-1 
per cent 

Eleventh Trial. — This trial, which lasted for 7 hours, was made against a strong head 
wind, and heavy head sea. The speed of the “ Rattler " by patent log was 4-2 knots, and 
at the conclusion of the trial the “ Alecto ” had the advantage by about half a mile. Owing 
to an accidental injury to the indicator, the power exerted by the engines of the “ Rattler ” 
in this trial could not be ascertained. It is certain, however, that it must have been large, 
and that the loss by slip must have been great, since, although the speed of the vessel was 
reduced to about 4 knots, the number of strokes made by the engines in the minute was 22, 
whereas in the “Alecto” the number of strokes in the minute was only 12. During a 
great part of the trial the “Rattler was deficient in steam, owing to the necessity of 
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closing the openings into the enpnc room to keep out the sea, and by this partial exclusion 
of the air the draft of the furnaces was impaired. The “ Alecto,” however, though placed 
in similar circumstances, had large quantities of steam blowing off; a result which furnishes 
additional proof of the wasteful expenditure of power or steam by screw vessels in head 
winds ; for the “ Alecto ” would have been as deficient in steam as the “ Rattler,” if the 
en^es had been running at the same high velocity. The minimum thrust upon the screw 
shaft in this experiment, when the vessel was pitching, was 2 tons 7 cwt. 1 qr. ; the maxi- 
mum thrust, 5 tons 3 cwt. 1 qr. ; mean thrust, 4 tons 7 cwt. 0 qr. 16 lbs. The horse 
power of the shaft was 125 9 horses, and tha slip of the screw was 50 per cent. 

Ttcdfth Trial This trial was made under steam only, on the return of the vessels 

from Yarmouth Roads to Woolwich, but owing to an accident which occurred to one of the 
boilers of the “ Alecto,” and to the interruptions occasioned by encountering vessels en- 
tering the Thames, the result of it cannot be stated with any precision. The advantage, 
however, lay with the “ Rattler.” With a strong breeze on the larboard bow, but aided by 
the flood tide, the “ Rattler ” passed the measured mile in the river at the rate 11 '88 knots 
I>er hour. 

In the whole of these trials it will be remarked, the “Rattler" exerted considerably 
more power than the “Alecto,” and the disparity is greatest when the vessels were 
employed in towing, or were set to encounter head winds. Under steam alone, without 
wind, or under the conjoint influence of steam and sail, the two modes of propulsion 
appear to be equally efficient with the same expenditure of power ; but in the case of 
towing, or in head winds, these exjjcriments show that the paddle is by much the most 
efficient propeller with the same expenditure of power. Two important points, however, 
are left by these experiments undetermined. The first is the relative efficiency of screw 
and paddle vessels with deep, light, and medium immersions; and the second is, the 
comparative efficiency of a given screw in a given vessel when the screw is sunk to 
different depths in the water. The first of these questions has since received satisfactory 
elucidation from the experiments with the “ Niger ” and “ Basilisk ; ” but I am not aware 
of any experiments which have been made to determine how much a deep screw is better 
than a shallow one, though this is one of the most important questions connected with the 
subject. 

“ NIGER ” AND “ BASILISK.” 

The “Niger” is a screw vessel of 1072 tons. Her length between perpendiculars is 
194 feet ; breadth 34 feet 8 inches ; mean draught of water at constructor’s deep immersion, 
15 feet 6 inches; area of midship section, 426'4 square feet; diameter of screw, 12 feet 6 
inches ; pitch of screw, 17 feet 4J inches ; length of screw, 2 feet 6 inches ; and nominal 
power, 400 horses. The “ Basilisk is a paddle vessel, built off the same lines as the 
“Niger,” and of the same nominal power; but there are about 15 square feet less of 
immersed sectional area of hull in the “Basilisk” than in the “Niger.” The diameter of 
the “Basilisk’s” paddle wheel is 22 feet 1 inch; length of float, 9 feet 6 inches; breadth of 
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float, 2 feet 3 inches ; and the immersion of the wheel is 4 feet 8 inches when the vessel is 
drawing 15^ feet of water. During the trials with the “ Niger," however, the floats were 
reefed or drawn towards the centre of the wheel, until its eficctivo diameter was reduced to 
21 feet 

With these vessels a number of experiments were made in 1849 to determine the 
comparative eflicicncy of the screw and the paddle as a propeller. In these experiments 
the power actually exerted by the engines of both vessels was ascertmned by means of the 
indicator, as in the case of the trials between the “ Rattler ” and “ Alecto.” The progress 
of each vessel relatively with the other was also observed by proper angulation ; and the 
results were comparctl and muttially agreed upon by the commanders of the respective vessels 
before they were finally accepted. Three distinct series of experiments were performed 
altogether. The first series was performed with the vessels under steam alone ; the second 
was performed tvith the vessels under steam and sail together; and the third was per. 
formed with the vessels under sail alone. Each scries was subdivided into three subsidiary 
classes, of which the first comprehended those experiments made when the vessels were at 
a deep immersion ; the second when they were at an intermediate immersion ; and the 
third when they were at a light immersion. The more important results as forwarded to 
the Admiralty are exhibited in the following table : — 


ScMUAftT of die Results of Experiment* mnde in H. M. Ship* ** Kioxb ** imd '* Baituik,” Wtween Maj and Aogutt, ] 849» to 
lest the rclaUT« Propelling Powerf of the Screw and Paddle WbeoL 
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By a reference to this table the following facts will be made apparent : — When the 
vessels were tried under steam alone, with a deep immersion and at their highest speed, as 
was the case in the trials numbered 1., 7., 14., and 17., the “ Basilisk” had in every case but 
one an advantage in point of speed varying from 1’6 to 12-4 per cent. But the “ Basilisk ” 
at the same time exerted the greatest amount of power ; and if the speed be reduced to 
what it would have been if the same amount of power had been exerted in the two vessels, 
then it will be seen that the “ Niger " had in every case an advantage varying from ’5 to 
3'1 per cent, of the total speed. When the vessels, still under steam alone, were tried with 
a medium immersion at their highest speed, as was the case in the trials numbered 18. and 
31., the “ Basilisk " had an advantage in speed of 3'3 to 3'4 per cent. But the “ Basilisk ” 
during this time exerted more power than the “ Niger ; ” and if the speed of the “ Basi- 
lisk ” be reduced to that point which it would have reached if only the same power had 
been exerted, it will then be seen that the “ Basilisk” had still an advantage of 1‘4 to 2’1 
per cent, over the “ Niger.” When the vessels, still under steam alone, were tried with a 
light immersion, and at their highest speed, as was the case in the trial numbered 24., the 
“ Basilisk ” had an advantage in speed of 'GSO knots per hour, or 7 "5 per cent. But the 
“ Basilisk” during this time exerted more power than the “ Niger;” and if the speed be 
reduced to that point which it would have reached if only the same power had been exerted, 
it will be seen that the “Basilisk” had still an advantage of 4 '7 per cent, of the total 
speed over the “ Niger.” It appears, therefore, that in similar vessels employing the same 
amount of engine [xiwer, and impelled by steam alone at their highest attainable speed, the 
screw is the most advantageous propeller in the case of deep immersions, and the paddle in 
the case of light and medium immersions. The absolute speed of each vessel is not stated 
in the table ; but the speed of each vessel under steam alone, as ascertained at the measured 
mile, was about 10 knots an hour, and the mean speed of the “ Niger ” during the seven 
trials of the highest speed at sea, was 8'475 knots. The mean progress of the screw of the 
“ Niger” through the water, during the seven preceding trials, was at the rate of 11 •20.') 
knots per hour, so that the mean slip of the screw during these trials was at the rate of 
2-73 knots per hour, or rather more than 24 per cent. 

It will further be seen, by a reference to the table, that when the two vessels were tied 
stern to stern, and the engines were then set on, the “ Niger" dragged the “ Basilisk ” 
backwards against the whole force of her engines at the rate of 1'4G6 knots per hour. But 
during this time the engines of the “Basilisk” were reduced in their speed 134 per cent., 
and in their power 103 per cent., and the screw exerted the most power by 188 horses. 
In another trial, in which the “ Niger ” dragged the “ Basilisk ” backwards at the rate of 1‘1 
knots per hour, the engines of the “ Niger” were working with an actual power of 529-G3 
horses, and the engines of the “ Basilisk ” were, from their reduced speed, working with a 
power of only 341 '5 horses. The engines of the “ Niger” are direct action engines, or, in 
other words, are coupled immediately to the screw shaft without the intervention of gearing. 
When the vessels were tied stem to stern, and the “ Niger ” was towing the “ Basilisk” at 
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the rate of l-l knots per hour, the engines of the “Niger” made 3150 revolutions in the 
hour, whereas the engines of the “Basilisk” made only 452 revolutions in the hour, being 
somewhat less than half their usual speed. 

We have here a similar result to that exhibited by the ninth trial of the “ Rattler ” 
and “ Alecto,” but in a somewhat less aggravated form. There, the power consumed by 
the screw vessel was more than twice that consumed by the paddle vessel ; but the screw 
vessel towed the paddle vessel at the rate of 2'8 knots an hour. Here the screw vessel is 
found to consume a good deal less than twice the power consumed by the paddle vessel ; 
but her preponderance of speed is only from 1 to 1^ knots per hour. It appears, therefore, 
by a comparison of these experiments, that the amount of preponderance of the screw vessel 
over the paddle ve.ssel is proportional in a certain degree to the excess of engine power 
consumed by the screw vessel. Nevertlieless, this additional power cannot pve an increased 
thrust to the screw shaft, since whether in a screw vessel or a paddle vessel the velocity of 
rotation will always be such that the thrust will balance the pressure upon the pistons of 
the engine ; and so long as the pressure upon the engine is uniform, so must the thrust be, 
whatever may be the velocity of revolution. Accordingly, it was found, by the experiments 
upon the “ Rattler,” that when the vessels were tied stem to stem, the thrust upon the 
screw shaft was 4 tons 13 cwt. 3 qrs. 5 lbs., being about the same as in previous trials, in 
which the vessel had only her own resistance to overcome ; and as this thrust had only 
sufficed to give the “ Rattler ” a slight superiority over the “ Alecto ” when both vessels 
were pursuing an unfettered course through the water, how comes it that it was able to 
give a preponderance of nearly 3 knots an hour when the vessels were tied stem to 

stem ? This is a question which, so for as I am aware, has not yet received any solution ; 

but it appears quite clear to me that the superior tractive efficacy displayed by the 
screw vessel under such circumstances, is not the result of any increased pressure or 
thrust exerted by the propelling instmment, but is caused by the gravitation of the screw 
vessel down an inclined plane, formed by the surface of the water in which she floats. The 
centrifugal action of a screw, when set into revolution under water with little or no 
progressive motion, causes a bulging up of the water surface over the screw to an extent 
proportional to the ccntriftigal force ; and if such a wave be raised at the stern of a screw 
vessel, she will obviously slide down it by gravity with a force proportional to her own 

weight and to the height of the wave. Accordingly, it is found that when a paddle and 

screw vessel arc set to drag one another, after having been tied together at the bow, the 
superiority of the screw vessel in tractive power is not maintiuned ; and upon the whole, it 
appears tolerably certain that the screw vessel is forced forward mainly by the artificial 
wave raised against the stem. No doubt this wave being raised between the vessels must 
affect the paddle vessel also to a certain extent; but as this wave, in common with all 
others, will be much steeper at the vertex than at the base, and as the stems, from their 
natural over-hang, cannot be brought close together, the stem of the screw vessel will be 
in the vertex of the wave, and the stem of the paddle vessel nearer its base. The screw 
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vessel, therefore, will huve a steeper plane to slide down than the paddle vessel has to slide 
up, and will consequently preponderate. Nor can the stem of the paddle vessel he dragged 
into the vertex of the wave by its progressive motion astern ; for the wave will necessarily 
travel with the screw vessel ; being, in fact, continually produced by the action of the screw, 
and continually subsiding so soon as the water is released from the disturbance of the 
centrifugal force which the screw exerts. 

Now, although in some particular exigencies it must be reckoned an advantage to be 
able with any expenditure of power to increase the tractive force of a vessel, yet the habitual 
use of an expensive power for such a purpose is obviously inadvisable ; and since screw 
vessels of the ordinary construction, when set to tow against a heavy resistance, are very 
expensive in power, they are consequently, as at present constructed, but ill fitted for the 
performance of such a function. If the power consumed in the “ Rattler ” or the “ Niger " 
when set to drag their sister paddle vessels astern against the force of their engines, had 
been consumed in a suitable vessel fitted with paddle-wheels, a much better residt would 
have been obtained ; and the result would have also been better if the some power had been 
consumed in giving motion to a larger screw, or a screw with a deeper immersion. The 
screw of the “ Rattler,” being only 10 feet in diameter and 15 inches long, may be more 
readily put into rapid rotation in still water than the screw of the “ Niger,” which is 12^ ft. 
in diameter, and 30 inches long. Accordingly, the centrifugal action was greater in the 
case of the “ Rattler ” than in the case of the “ Niger.” More power was consumed, and a 
greater effect was also produced, owing, no doubt, to a larger wave having been raised 
against the stem. But far less effect was produced than if the same power bad been 
expended in a beneficial manner, by giving a slower motion to a propelling instrument 
which hod such an increased hold of the water as was proportional to the increased resist- 
ance which had to be overcome. 

It will further be seen, by a reference to the table, that in the trials numbered 6. and 
12., in which the screw and paddle vessels were set to tow one another alternately, the 
paddle vessel attained the highest speed with the least power. Thus, in the trial number 
12., the “ Niger" towed the ” Basilisk ” at the rate of 5'G3 knots per hour with a power of 
593'9 actual horses, the engines making 3632 strokes in the hour ; whereas the “ Basilisk ” 
towed the “ Niger " at the rate of 6 knots per hour with an actual power of 572’3 horses, the 
engines making 827 strokes in the hour. The screw engine, therefore, exerted about 22 
horses more power than the paddle engine ; yet the screw vessel had the smallest speed. 
The paddle engine in this trial lost 28 per cent, of its speed of piston, but only 21 per cent, 
of its power; for, as the velocity of the piston diminished, the pressure of the steam 
slightly increased. The screw engine lost only 10 per cent, of speed of piston, and 10 per 
cent, of power, the pressure of the steam remaining without alteration. 

Throughout these experimentsit was found that the “ Niger ’’consumed, on an average, 
one-third more fuel than the “ Basilisk ” to produce the same engine power ; but this result 
was accidental merely to the imperfections of the engines or boilers of the screw vessel. 
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and had no connection whaterer with the character of the propeller employed. In this 
n^spect, indeed, the issue would have been the same if the engines of the “Niger” had been 
set to drive paddle wheels, or to generate power for any purpose. Taking, however, the 
same amount of power as existing in each vessel, — and which it is certain can be produced 
in each case with the same quantity of fuel, — there still remains the balance of disadvantage 
against the screw, from the waste of power which its use involves either in towing a vessel 
through the water, or in contending with head winds. So far as the action of the screw is 
concerned, the efifect will be the same, whether the speed of the vessel be reduced from 10 
knots to 6 by towing another vessel behind her, or by the obstruction occasioned by adverse 
'winds ; and since in towing, the screw, as applied in these vessels, is a 'wasteful instrument, 
so in all cases in which ships have habitually to encounter head winds, the screw, as usually 
applied, or if of the ordinary construction, is certainly ineligible as a propeller. 

In the second series of experiments, in which the vessels were propelled under the 
combined action of steam and sails, the “ Basilisk ” appears to have maintained on efficiency 
quite equal to that of the “ Niger ; ’’ but the winds were too light at the time to warrant 
these results being reckoned as completely conclusive. In the third series of experiments, 
which were made under sail only, the “ Niger ” had an advantage in every instance. In 
the last of the trials, under sail only, the speed accomplished by the “ Niger” was about 12 
knots an hour. 

I do not consider it necessary to enter into any inquiry respecting the comparative 
eligibility of the screw and paddle in any other resjiect tlmn os regards their relative mecha- 
nical efficiency as propellers, since, in all other points in which a comparison could be made, 
the advantage manifestly lies 'with the screw. The screw, it is obvious, is a much less 
cumbrous instrument than the paddle, and interferes less with those nautical arrangements 
which are judged proper for a vessel that has to employ sail. At the same time, it does not 
appear, from the experiments which have been recited, that the superiority of a screw vessel 
under sail and steam combined, or'under sail alone, is so great as to constitute any material 
advantage. Paddle vessels spreading the same area of sail will, unless they be of small 
dimensions, realise about the same amount of speed as screw vessels ; and tlie superiority 
heretofore imputed to screw vessels in this respect is traceable to the circumstance that they 
have usually been furnished with a larger proportion of canvas. There does not appear, 
therefore, to be any reason for concluding that paddle vessels of considerable tonnage, fitted 
with auxiliaiy power, would be less efficient than screw vessels of the same tonnage fitted 
with auxiliary power ; and the vessels employed by the General Steam Na'vigation Company 
for many years past have, in effect, been paddle vessels fitted with auxiliary power, — the 
engines being but of small dimensions relatively with the dimensions of the ships. In 
vessels, therefore, in which auxiliary power has to be introduced, it is not so much on the 
ground of superior efficiency that a preference is to be given to the screw, as on the ground 
of greater facility of application. Screw engines may be made to occupy a much less space 
in the vessel than paddle engines, and are also lighter and less expensive. In the case of 
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war vessels, the whole of the propelling machinery may he set below the water line, and will 
therefore be more out of the reach of shot, and the decks will be left free and unobstructed 
for the service of the guns. For vessels, therefore, with so small a proportion of power as 
to be inconsistent with the intention of encountering strong head winds, and for vessels also 
which are intended for purposes of warfare, the screw is unquestionably the best propeller ; 
while for vessels with a large proportion of power, and which ore required to steam against 
variable or adverse winds through voyages of no great length, but with the greatest 
regularity and economy, the paddle is assuredly the best propeller. This comparison, how- 
ever, applies only to the ordinary screw as usually fitted, and does not comprehend those 
cases in which the improvements of configuration and adaptation which I have recommended 
have been introduced. In paddle vessels if the voyage be a long one, relatively with the 
size of the vessel, so that the supply of coals necessary for the voyage greatly affects the 
immersion, then it will happen that the paddles will be so deep in the water at the 
commencement of the voyage, or will have such an inadequate immersion at its termination, 
as to produce at those times a most defective performance. It therefore hapi)ens, that 
paddle vessels of large power, when starting upon a long voyage, will sometimes be 
outstripped in speed by screw vessels of a power greatly inferior ; for the paddle-wheel acts 
in its worst manner when sunk very deep in the water, whereas the screw acts in its best. 

All paddle vessels of the best class are now fitted with expansion apparatus, by means 
of which the engines can be wrought very expansively in culm weather or in fair winds, 
and with the full pressure of steam throughout the stroke in adverse winds. By working 
the engines expansively is meant stopping the entrance of the steam into the cylinder after 
a certain proportion of the stroke is completed, and leaving the residue of the stroke to be 
completed, not by the admission of new steam, but by the expansion of that steam already 
shut within the cylinder. Of course the power exerted by an engine during each stroke 
is thus diminished, but the consumption of steam is diminished in a greater proportion. 
For if the steam be shut off from the cylinder when half the stroke is performed, only half 
the steam will be required for each stroke, but more than half the power will be exerted, 
since the expanding steam communicates some power, and this power is obtained without 
any expense. It is consequently, under suitable conditions, an economical practice to work 
engines expansively, as it is termed , and in steam vessels of modern construction this is 
generally done when the engines have not to overcome any extra load. But when by the 
resistance presented by a head wind the speed of the vessel, and consequently of the engines, 
is diminished, a larger supply of steam is admitted to the engines at every stroke, by giving 
a suitable adjustment to a valve provided for regulating its supply ; and the speed of the 
vessel is thus more effectually maintained than if the surplus steam accumulated in conse- 
■qucnce of the diminished speed of the engines were suffered to go to waste. By this 
expedient, the force applied to urge the piston of a paddle engine is increased in the same 
proportion in which the speed of the engine is diminished ; and if the forward thrust pro- 
duced by the engine were to be measured by a dynamometer, it would be found to be 
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considerably greater when the wnd is foul than when the wind is fair. In a screw vessel, 
however, of the usual description, this action cannot occur to any considerable extent ; for, 
as the speed of the engines is nearly as great under adverse circumstances of wind and 
water as when those circumstances arc favourable, there can be no considerable accumula- 
tion of steam to employ in the manner described. If the engines of an ordinary screw 
vessel, therefore, are under favourable or indifferent circumstances worked e.xpansively, they 
must continue to be so worked when the wind is adverse; as there will be no supply 
of steam available for working them in any other manner. In a screw vessel of the 
improved construction, however, the screw will have only the same proportionate slip as the 
paddle when encountering the augmented resistance due to a head wind, and the engines of 
such a screw vessel may, under such circumstances, be also worked with the full pressure of 
steam throughout the stroke. The thrust of the screw shaft will thus be increased at the 
same time that less fuel is consumed. 


DTSAMOMETER AND INDICATOR DIAGRAMS OP THE “ RATTLER.” 

In Plates I. and II. arc given the dynamometer and indicator diagrams taken from the 
“ Rattler ” in the several experiments of which the main incidents have been already 
described. The indicator diagrams of the “ Alecto ” are also given, so as to enable a com- 
]>arison to be made of the efficiency of the engine power in the two vessels. It is the dyna- 
mometer diagrams, however, which will prove most instructive, and the specimens given are 
selections from the very large assortment of diagrams taken at the time. In some casi-s 
the dynamometer consists of a single long lever, the end of which is pressed by a spiral 
spring, and in other cases there is a combination of levers, by which the same purposes are 
subserved. The drum on which the paper is wound may be formed of wood, and the 
expedient by which it is put into revolution, is usually such that the speed of rotation may 
be increased or diminished in certain definite proportions. By this arrangement, if the 
fluctuations of pressure arc rapid and frequent, the velocity of rotation of the drum may be 
increased, and the several lines inscribed upon the drum will thus be in less danger of 
being confounded together. 

Diagrams A and B, Plate I . — Diagram A was taken at 45 minutes past 9 a.m. on the 
30th of March, 1845, at the first of the series of trials already referred to. The engines at 
the lime were working with the second grade of expansion, and were making 235 revolu- 
tions in the minute ; the speed of the vessel was 8-6 knots. The average pressure upon the 
spring, as exhibited by this diagram, is 40'24 lbs., and the average pressure shoivn by three 
similar diagrams is 39’20 lbs. The ratio of the pressure on the spring, to the pressure on 
the shaft, is 1 to 196. The diagram B, though apparently differing from the diagram A, is 
substantially the same. The difference in the appearance is caused by the motion of the 
drum being slower in the case of the diagram B, than in the case of the diagram A. The 
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mean pressure exhibited by the diagram B is 44'12 lbs., and the average pressure of three 
similar diagrams is 42'55 lbs. ; but another calculation gives 44'5 lbs. The engines when 
these diagrams were taken were working on the second grade of expansion, and were making 
24 revolutions per minute. 

Diagrams C and D, Plats L — These diagrams were taken on the third trial of the 
“Rattler,” Jlarch 31st, 1845, with a fresh breeze ahead and some sea. Diagram C was 
taken at 35 minutes past 10 a.m., and the time occupied in taking it was 6 minutes. The 
engines were making at the time 23 revolutions in the minute, and the vessel was making 
5^ knots an hour. Diagram D was taken on the same day, at |-past 3 r.M., the engines 
making 25 revolutions, and the vessel making 8‘8 knots. The mean pressure upon the 
spring shown by diagram C is 47’89 lbs., and the mean pressure shown by three similar 
diagrams is 48‘3 lbs. The mean pressure upon the spring shown by diagram D is 47'52 
lbs., and the mean pressure shown by three similar diagrams is 47'26 lbs. The results 
given by diagrams C and D, therefore, are very nearly the same, and the difference in the 
appearance of the diagrams is caused by the difference in the velocity of rotation of the 
drum upon which the paper was wound. In diagram C the drum did not revolve with 
half the speed at which it revolved in the case of diagram D, and diagram D therefore is 
more drawn out. The greater irregularity of outline in diagrams C and D, tlmn is 
exhibited in the case of diagrams A and B, is caused by the roughness of the sea. 

Diagram E, Plate /. — This diagram was taken at 11 a.m. on the 1st of April, 1845, 
not during one of the trials with the “ Alecto,” but it is recorded as it exhibits about the 
best performance obtained. The engines were making, at the time, 26 revolutions, and the 
vessel was maintaining a speed of 10 knots through the water, with a breeze aft, but no sail 
set. The mean pressure on the spring, as indicated by this diagram, was 48'23 lbs. ; but 
the mean pressure, as shown by five similar diagrams, was somewhat less than this, or 
46’74 lbs. The mean pressure of the steam and vacuum in the cylinders, as ascertained 
by the indicator at the same time, was somewhat over 12 lbs. after deducting 1| lb. for 
friction. This diagram, it will be remarked, is much less serrated than those which have 
preceded it, and the difference must be imputed to the influence of the following wind upon 
the ship and sea. 

Diagram F, Plate I. — This diagram was taken on the seventh trial, on the 3rd of April, 
1845, at J-past 10 a.m. ; the “ Alecto,” at the time, being towed by the “ Rattler,” at the 
rate of knots per hour. The engines were making, at the time, 24J revolutions per 
minute. The mean pressure upon the spring, as shotvn by this diagram, was 50-89 lbs., 
and the mean pressure exhibited by two similar diagrams is 50-72 lbs. ; but another com- 
putation gives 52-44 lbs. The outline of this diagram is here less serrated than in the case 
of some of the preceding diagrams, which must be attributed to the diminished speed with 
which the vessel passed through the water. 

Diagram G, Plate 1 — This and two other similar diagrams were taken to test the accu- 
racy of a conjecture which hud been made respecting tbe cause of the serrated outline of 
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the dynamometer diagrams. Taking the case of such an outline as that of Diagram A, it 
was remarked that one of the larger projections was produced by each revolution of the 
engine, and one of the smaller fluctuations — of which the larger are built up — by each 
revolution of the screw. It was further remarked, that the thrust of the screw was greatest 
when its two arms, or blades, were vertical, and therefore in a line with the stern-po-st ; and 
its increased thrust, when in that position, was attributed to its operation upon the dead 
water in the rear of the stern-post, which travelled with the ship. It is obvious that, in 
the case of a screw working in the open sen, the thrust of the screw will be proportionate 
to the difference between the speed of the vessel and the speed with which the screw would 
advance if it were working in a stationary nut ; and if the screw advances through the 
water merely with the velocity with which the vessel advances, there can bo no thrust 
whatever ujwn it. If, however, instead of working in the open sea, the screw works in a 
tank of water which travels with the vessel, there will be some thrust upon the screw-shaft 
with every velocity of revolution ; and the dead water lying in the rear of the stern-post, as 
it travels with the ship, acts in much the same manner as if it were enclosed in a tank 
affixed to the vessel. It follows, consequently, that when the screw comes into this dead 
water, the thrust is no longer that which answers to the difference in the advance of the 
screw and the ship, but more nearly that which answers to the whole advance of the screw. 
If this resistance were opposed to the screw at every part of its revolution, the result 
would only be, that the velocity of its rotation would !« diminished until the resistance 
was brought into equilibrium with the force exerted by the engine. But, as the increased 
resistance exists only when the screw is in one position, the momentum of the screw, and of 
the other machinery, carries the screw through that point without any diminished velocity ; 
and the consequence is, that the thrust of the screw is momentarily increased. The thrust 
is also increased in that part of the stroke in which the engines exert the largest power ; 
and these combined influences give to the dynamometer diagram that serrated outline which 
marks the fluctuations In the thrust. 

It will be obvious from these considerations that if the main cause of the serrated 
outline of the dynamometer diagrams be the entrance of the screw, when its arms are ver- 
tical, into the dead water in the rear of the stem-j)Ost when the vessel passes rapidly through 
the water, that serrated outline will disappear when the screw is in action without the vessel 
being moved at all ; and accordingly, diagram G and two similar diagrams were taken to de- 
termine this point. The vessel having been first propelled astern at the rate of 8 knots, the 
engines making 26 revolutions, the motion was suddenly reversed so as to compel the vessel 
to go ahead. While, however, the vessel was still going somewhat astern, and before any 
head-way had been acquired, diagram G and two similar diagrams were taken, and it ^vas 
found, as had been expected, that the serrated outline had entirely disappeared. The mean 
pressure upon the spring as indicated by diagram G is 54 ’71 lbs., and the mean pressure as 
exhibited by three similar diagrams is 51 '72 lbs. 

Diagram H, Plate I . — This and two similar diagrams were taken on the ninth trial, 
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when the vessels were set to try their relative tractive powers when tied stem to stem. 
This trial ^vas made on the 3rd of April, 1845 ; the “ Rattler’s " engines at the time were 
making 19 revolutions, and she towed the “ Alecto" astern against the whole force of her 
engines at the rate of 2.^ knots per hour. The average pressure upon the dynamometer 
spring exhibited by diagram H is 52'02 lbs., and the average pressure exhibited by three 
similar diagrams is 53'6 lbs. It will be remarked that in these latter experiments, where from 
the diminished speed of the vessel, the speed of the engines has somewhat decreased, the 
thrust of the screw-shaft has become somewhat greater than before, owing to the accumu- 
lation of steam within the boiler, and the increased pressure of steam upon the pistons 
produced by a more ample supply of steam. With the same pressure upon the pistons 
there could be no material increase of pressure upon the screw-shaft, whatever the velocity 
of its rotation or the speed of the vessel might be. 

Diagram I, Plate /. — This diagram was taken at J-past 7 p. m. on the 3rd of April, 
1845, to determine the thrust upon the screw-shaft when the engines were working with 
the lowest grade of expansion, — the engines making 21 revolutions per minute. There 
was no wind, and the speed of the vessel was 8J knots per hour. The mean pressure upon 
the dynamometer spring as indicated by diagram I is 31'88 lbs., and the mean pressure as 
shown by four such diagrams is 31'7 lbs. Among the indicator diagrams given in Plate II. 
will be found the diagram answering to this experiment, from whence the amount of the 
expansion may be ascertained. 

Diagram K, Plate /. — This diagram was taken to show the thrust upon the screw-shaft 
when the steam was shut off os fur as could be done conveniently by the throttle-valve 
without stopping the engines altogether. When shut off so os to reduce the revolutions to 
17, the speed of the vessel was six knots; and when shut off, so as to reduce the revolutions 
to 12, the speed of the vessel was 4 knots. Diagram K was taken when the engines were 
making 12 revolutions, and the speed of the vessel was 4 knots an hour. The mean 
pressure upon the spring of the dynamometer as shown by diagram K is 24'24 lbs., and the 
mean pressure ns shown by four similar diagrams is 24'04 lbs. Here, it will be remarked 
that the projections of the diagram arc very much drawn out, as the alternations in the 
thrust occur less rapidly, owing to the fewer number of revolutions ; and this effect is tanta- 
mount, in its operation on the outline of the diagram, to that which would be produced by 
giving an increased velocity to the drum on which the paper is wound. 

Diagram L, Plate I. — This diagram was taken on the tenth trial of the “ Rattler” at 
1 1 A.M. on the 8tli of April, 1845. The sea was moderate, and a fresh breeze was blowing 
at 4 points on the larboard bow. The engines were making 24 revolutions, and the mean 
pressure on the pistons, after deducting IJlb. for friction, was 11 ’93 lbs. The speed of the 
vessel w.as knots. The mean pressure upon the spring of the dynamometer exhibited by 
diagram L is 40‘81 lbs., and the mean pressure as exhibited by four such diagrams is 
41-84 lbs., or by another calculation 40-lC lbs. 

Diagram M, Plate I . — This is one of the most important diagrams of the series. It 
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was taken at the eleventh trial of the “ Rattler” at J-past 10 a.m. on the 10th of April, 
1845, with a strong head wind and a heavy head sea. The engines at the time were 
makiDg 22 revolutions, and the speed of the vessel was, from the severity of the weather, 
only 4'2 knots. The mean pressure upon the spring of the dynamometer as shown by this 
diagram is 42‘77 lbs., and the mean pressure exhibited by five similar diagrams is 41'93 lbs., 
or by another determination 49-8 lbs. ; but the former of these quantities is the more 
correct. 

On the twelfth trial of the “ Rattler,” no dynamometer diagrams were taken, and 
those above described, and which will be found delineated in Plate I., will serve to give a 
very just idea of the general nature of the results obtained in these experiments. 

Indicator Diayrnms, Plate II . — In Plate II. will be found the indicator diagrams, taken 
from the cylinders both of the “Rattler” and the “Alecto" in the foregoing trials, and 
each figure is so designated as to enable it to be referred to the particular trial at which it 
was taken, and also to enable its relation to the dynamometer diagrams to be readily traced. 
An indicator diagram, it may be explained, serves to determine the efficiency of an engine 
by registering the var)nng pressures, both of the steam and of the vacuum, throughout the 
stroke. This is done bj' applying, to the top or bottom of the cylinder, a small cylinder and 
piston of half an inch or on inch diameter ; and this small piston is pressed by a spring, so 
that the extent to which it is pressed up or sucked down, when a connexion is opened 
between it and the engine, determines the amount of steam pressure above the atmosphere, 
and of vacuum below the atmosphere, which are urging the piston. If now a pencil be 
affixed to the small piston, and this pencil be made to press upon a drum or piece of paper 
moved in a horizontal direction, it will follow that the compounded vertical motion of the 
pencil and horizontal motion of the paper will cause a figure to be traced, the nature of 
which will show the power with which the engine is working. This figure is what is termed 
an indicator diagram. Before the cylinder of the indicator is put in connexion with the 
engine, a horizontal motion is communicated to the paper, which traces a horizontal line 
called iha atmospheric line ; and all that part of the diagram appearing above the atmo- 
spheric line is due to the pressure of the steam, and all that part appearing below it is due 
to the pressure of the vacuum. The total height of the diagram indicates the total force 
urging the piston ; and if any convenient number of ordinates be drawn as in some of the 
figures in Plate II., so as to ascertain the mean height of the diagram, then that height 
measured on a scale which must be regulated by the diameter of the piston of the indicator 
and the strength of its spring, will give the number of pounds pressure urging each square 
inch of the piston. Taking from this pressure IJ lb. to compensate for the power con- 
sumed in overcoming the friction of the engine itself, and multiplying the residual pressure 
by the area of both pistons in square inches, by the velocity of motion of the piston in feet 
per minute, and dividing by 33,000, we have the number of actual horses power with which 
the engines work. 
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CHAPTER V. 

ON THE COMPAKATIVE MERITS OF SCREWS OF DIFFERENT KINDS. 

XiJMEROCS experiments have been made in Her Majesty's steam vessels “Rattler," 
“ Dwarf," and “ Minx,” and in die French war steamer “Pelican,” to determine the com- 
parative efficacy of different kinds of screw propellers. The whole of these experiments 
have afforded valuable results, but the experiments made in the “ Pelican ” arc more elabo- 
rate than the others, and appear to liave been conducted with greater scientific precision. 
There is one important point, however, in which the French are less satisfactory than the 
English experiments, — there was no dynamometer employed to measure the thrust of the 
shaft ; and although the speed achieved by a given screw, relatively with the power expended, 
gives a measure of the efficiency of that screw in propelling, yet it is very advantageous to 
be able to measure the direct thrust of the shaft as well ns the power of the engines and the 
speed of the vessel. 

The experiments in the “ Rattler” commenced in 1843, and their main purpose was to 
ascertain the best length of screw to obtain a maximum sjieed of ship. The original screw 
of the “ Rattler” was 9 feet in diameter, 5 feet C inches long, and 11 feet pitch. It was, 
in fact, one half- turn of a double-threaded screw, such as had previously been used in the 
“ Archimedes.” Its length was successively reduced to 4 feet 3 inches, 3 feet, 1 foot 6 
inches, and 1 foot 3 inches. An advantage was found to result from diminishing the length. 
Various kinds of screws were tried, and also propellers, consisting of flat blades set at an 
angle with the axis, but it was found that the ordinary screw with two blades and with a 
uniform pitch was as efficient a proi>eller as any of the other varieties. 

The experiments in the “Dwarf” were made in 1845, and their main purpose was to 
determine the proper pitch and length of the screw relatively with its diameter. The screw 
employed was a screw of two blades, and of a uniform pitch. The diameter of the screw 
was 5 feet 8 inches, and the pitch was increased from 8 feet to somewhat more than 13 feet. 
With a pitch of 8 feet four experiments were made, the length of the screw being progres- 
sively reduced from 2 feet 6 inches to 2 feet, I foot 6 inches, and 1 foot. The average 
number of revolutions of the engine per minute with these lengths of screw were 28-3, 29-6, 
30’1, and 32-2 revolutions respectively, and the power e.xertcd by the engines was 130^, 
151J, 137, and 169 horses in the respective trials. The speed of the vessel increased some- 
what as the length of the screw was diminished. In the trial ivith the screw 2 feet G inches 
long, the speed of the vessel was 8’65 knots per hour, but in the other trials the speed 
increased to 8'95, 8'94, and 9‘1I knots. Relatively with the power consumed, however, 
the result with the shortest of these screws was worse than with the longest of them. 
Eight experiments were made with different lengtlis of a screw of_ 10’32 feet pitch, and 
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twelve experiments were made with different lengtlis of a screw of 13’23 feet pitch. 'With 
a screw 2 feet 10 inches long and of 10-32 feet pitch, the area of the blades is the same as 
in the case of a screw 2 feet 6 inches long and 8 feet pitch, — namely, about 22 square feet : 
and such a screw with 30-9 revolutions per minute of the engine, and with the exertion of 
about 144 horses power, propelled the vessel at a speed of 8-89 knots per hour. The efii- 
cacy of such a screw, therefore, is as nearly as possible the same as that of a screw of the 
same area of blade and of 8 feet pitch. Again, a screw 3 feet 1^ inch long and 13-23 feet 
pitch has the same area of blades as a screw 2 feet 10 inches long and 10-32 feet pitch ; and 
such a screw, with 34 revolutions of the engine in a minute, and with the exertion of I49J 
horses power, acliieved a sjieed of vessel of 8J knots per hour. The performance, therefore, 
obtained with the coarser pitch, is not quite equal to that obtained with the finer pitch ; and 
throughout the whole series of the experiments with the 13-23 feet pitch, and with the 
length of the screw varying from 1 foot up to somewhat more than 3 feet, the result is infe- 
rior to that obtained both with the 8 and 10 feet pitches. The best result in the series, or 
in other words, the largest speed of the vessel relatively with the power consumed, is that 
obtained with the screw 18 inches long and 8 feet pitch. 

The experiments with the “.Minx ” were made in 1847 and 1848; their main purpose 
was to determine the comparative efficiency of Smith’s screw with a uniform pitch, and 
Woodcroft’s screw with an increasing pitch. A screw was also tried of a form suggested 
by Mr. Atherton, chief engineer at Woolwich, formed with a less pitch at the centre than 
at the circumference, in order that the central part of the screw might advance through the 
water like a screw working in a nut, while the circumferential part of the screw would alone 
be influential in propelling. The design of this arrangement is to prevent a centrifugal 
motion from being given to the water by the action of the central part of the screw, and 
screw propellers arc now in some cases constructed in this manner — the diflerence 
between the pitch at the boss and the pitch at the circumference being usually made about 
10 per cent. The pitch of a screw is the distance measured in the direction of the axis 
between any one thread and the same thread at its next convolution, so that the pitch is an 
expression for the coarseness or fineness of the screw ; and a spiral stair of the ordinary 
kind is a screw of a uniform pitch. If, however, the steps of the stair become higher and 
higher in ascending the tower, then such a stair forms a screw with an increasin ' pitch 
in the direction of its length ; and if the steps ore all alike, but each step is deeper at the 
circumference than at the centre of the tower, then such a stair forms a screw with its pitch 
increasing from the centre to the circumference. A form of screw was also tried in the 
“ Minx,” in which the pitch increased from the centre to the circumference and in the 
direction of the length at the same time ; and this form of screw was found to realise a very 
excellent performance. Upon the whole, however, the amount of benefit obtained by 
departing from the form produced by a unifonn pitch was found to be very inconsiderable ; 
and this will be especially the case when the screw is so proportioned that but little slip can 
take olacc. 
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SCREWS TRIED IN THE “RATTLER.” 

The forms of the several screw-propellers employed in tlie “ Rattler " are represented 
Fij». 174, 175, 176, 177. in the accompanying woodcuts. Figure 174. is a perspective 
view of Smith’s screw, of two threads or blades, as finaUy 
settled in the “ Rattler,” and this is the form of screw now 
commonly adopted in the navy of this country. Figure 175. 
is an end view of the same screw, or an elevation looking 
against the end of the shaft. Smith’s screw of three threads 
differs from this screw only in having three arms instead 
of two. Figure 176. is an end view, and Figure 177. a side 
view, of Steinman’s propeller. This propeller is intended to be a reproduction of Blax- 




ScMHART of Exfebiments mflJo with Tnriou.4 Screw Propellcni, in H. M. S. V. ** RattlCT," in 1843, 1844, and 
1843. At a mean drau^lit of 12 feet 3 inchea the area of mid-ehip section of “Rattier "=380 square foet; the 
breadth extreme is 32 feet 8| inches ; the nominal power is 200 horses. 
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land’s, described at page 39. of the present work ; but the propelling plates instead of 
Fij. IT*. being flat are somewhat twisted, so os virtually to constitute a screw with 

^ the central portion cut away. Figure 178. represents Sunderland's pro- 

pellcr as applied in the “ Rattler.” This propeller, which is described at 
page 48. of the present work, consists of two flat plates set upon arms 
affixed to an axis revolving beneath the water at the stern ; and in the 
1 1 3 *' propeller was placed in a hole in the dead-wood, instead 

of projecting out behind the rudder as Sunderland proposed in his patent 
of 1843. 

Pf, 1 - 9 . Figure 179. represents Woodcroft’s propeller as applied in the 

“ Rattler.” This propeller, it will be remarked, has four arms or blades, 
and the pitch of the screw at its leading edge is less than the pitch at its 
terminal edge. The original form of Woodcroft’s screw is shown at 
page 24., but in the “ Rattler” its length was reduced, os had previously 
been found to be advantageous in the case of Smith’s screw with a 
uniform pitch. 

Hodgson's screw as applied in the “ Rattler,” did not realize a satisfactory performance. 

In Figure 180. is represented that form of Hodgson’s screw 
which is now usually employed, and with which very excellent 
results have been obtained. This species of screw has been 
much used in France, Holland, and other countries of the 
Continent ; and in some cases in which a common screw has 
been superseded by a screw of this description, an improvement 
has been obtained in the speed of about a knot an hour. Such 
a result, however, will only ensue when the original screw has 
been of inadequate dimensions, so that the loss by slip has 
been large in amount, and the more the slip is reduced the less 
wUl become the advantage of any deviation from Smith’s form 
of screw with a uniform pitch. 

SCREWS TRIED IN THE “ DWARF.” 

The particulars of the performance of the screws, 5 feet 
8 inches diameter, but of different pitches and lengths, which were tried in the “ Dwarf,” 
in 1845, are exhibited in the following table. These experiments were made by Mr. 
Murray, and it is necessary to remark that there are such obvious inconsistencies in the 
quantities set down as representing the pressure shown by the dynamometer, that those 
quantities and the numerical results deduced from them must be rejected. Thus it will be 
seen on referring to the table, that in experiments 5. to 8., the thrust of the shaft, as 
shown by the dynamometer, is set down as less than the thrust in experiments 21. to 24. 
although the same screws were used in both cases, and although the power exerted by 
the engines was greater in the first experiments than in the second. The result of this 
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discrepancy is, that the ratio of gross indicator to dynamometer power is twice greater 
in experiments 5. to 8. than it is in e.xpcriments 21. to 24., — a result which is possible, if 
in the second scries of experiments the vessel had been set to tow another vessel, or had 
been compelled to encounter adverse seas or winds, but which could not take place in the 
case of a vessel set merely to repeat the same experiments, under identical circumstances, 
in smooth water. In the 3rd experiment the speed realized was nearly 9 knots, and this 
speed is represented ns having been attained with a thrust upon the shaft of less than 
tons. In the 21st experiment the speed realized was about 8^ knots, and this speed is 
represented as having been attained with a thrust ujKjn the shaft of about 2 tons. It is 
certain, however, that the largest thrust will give the largest speed, unless there be adverse 
circumstances of wind or water, which, if they existed, should have been specihed, or rather 
those experiments should have have been rejected altogether, when sucli adverse influences 
interfered with the result. Since, therefore, the indications of the dynamometer obtained 
by Mr. Murray cannot be trusted, the column in which a computation is given of the 
speed which would have been attained by the vessel if the power had been 160 horses, will 
afford the best guide to the relative efficiency of the screws employed. 


SCREWS TRIED IN THE “MINX.” 

By the table of the results of experiments tried in the “ Minx,” with screws of a 
uniform pitch, with screws of a pitch increasing in the direction of the axis, with screws of 
a pitch increasing from the boss to the circumference, and with screws of a pitch increasing 
both in the direction of the length of the screw and from the boss to the circumference at 
the same time, it will be seen that the best performance was obtained on the 9th of July, 
1847, when the screw employed was a screw of uniform pitch. The highest speed of the 
vessel was obtained on the 1st of July, 1848, with a screw of an increasing pitch in the 
direction of the axis, and on the 12th of July with a screw of a uniform pitch ; but both 
of these results were somewhat inferior to the previous one relatively with the power 
expended. In this table, as in the preceding one, there is an apparent disagreement 
between the results obtained from tlie indicator, and those obtained from the dynamometer. 
The two columns of the speed of the vessel, computed ns if the power e-xerted had been 
1 GO liorses, and the gross horse power in the cylinders necessaiy to give a speed of 8 
knots, are calculated on the supposition that the power necessary for propulsion varies as 
the cube of the speed ; and these columns, therefore, constitute an c-xpression of the effici- 
ency of the vessel in each particular trial. But the ratio of the indicator to the dynamo- 
meter power also constitutes an expression of the efficiency, and these two quantities ought 
at the same speed to be proportional to one another. It will be seen, however, by a refer- 
ence to the table, that while the power necessary to produce a given speed, or the speed 
resulting from a given power, as computed by the ordinary law, remains pretty uniform in 
all the experiments, the ratio of the indicator to the dynamometer power increases with 
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the speed ; or in other words, with a given indicator power, less dynamometer power is 
produced as the speed of the vessel is increased. At the same time the apparent slip of 
the screw remains pretty nearly uniform, but there is more friction of the screw in the water 
at the higher speed. 


SCREWS TRIED IN THE “PELICAN.” 

The experiments upon the French steam-vessel “Pelican” were made in the years 
1847 and 1848, and their main object was to determine the relations which it is expedient 
to establish between tlie diameter, the pitch, the number of blades, and the length of a 
screw propeller. A subsequent series of experiments upon screws of lai^er diameter was 
made on board the same vessel in 1849, and the results then obtained corroborated those 
which had been arrived at in the previous trials. These several experiments were con- 
ducted by M. Bourgois, a lieutenant in the French navy, and M. Moll, naval engineer; 
and in 1850 a committee of the French Institute, composed of MM. Arago, Dupin, Poncelet, 
Duperrey, and Morin, examined and reported favourably upon the results which had been 
thus obtained. 

The “Pelican ” is a vessel of 120 nominal horses power, 131 feet long, 22 feet 4 inches 
wide, and the mean iramerged midship section is 1092 square feet. The displacement of 
the vessel during the experiments was 258 tons : she was trimmed somewhat by the stem 
to enable as large a screw as possible to be got in, but a screw of 8 feet 2J inches in 
diameter was the largest that could bo introduced. The engines consist of two vertical 
oscillating cylinders, with the necessary supplementary apparatus. The diameter of cylinder 
is 44 inches, and the length of the stroke .37-8 inches. The expansion valves were so adjusted 
as to be capable of cutting olf tlie steam at 0’08, 0T5, 0‘30, 0‘50, 0’70, and 0‘80 of the 
stroke. The maximum pressure of the steam during the experiments did not exceed 
151bs. on the square inch above the pressure of the atmosphere. The total weight of the 
machinery of the “ Pelican,” including water in the boilers, is 80 tons. The diameters of the 
screws tried were 8 feet 2j^ inches, 6 feet 102 inches, and 5 feet 6 inches ; or more correctlv, 
98‘4 inches, 80'7 inches, and 6G'14 inches, forming, thus, a geometrical progression, of which 
the ratio is 1'22. 

With the view of ascertaining the change of circumstances in propelling, produced 
either by the form of the vessel herself, the influence of head winds, or other causes which 
determine the facility or otherwise with which she passes through the water, a plane or flat 
surface was applied at the head of the vessel, which by being lowered into the water would 
retard the vessel to any extent that might be desired. The speed of the vessel was deter- 
mined by ascertaining the time necessary to run through a distance of 2033 metres, or 
6670 068 feet, properly marked out by posts along the shore ; and three observers separately 
noted the times at which the posts were passed, and the mean of these observations was 
entered as representative of the actual sjieed. By comparing the speed of the vessel with 
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the number of revolutions of the screw, the advance of the vessel for each revolution of the 
screw became readily ascertainable, and the ratio of the excess of the pitch over this 
advance constitutes a quantity which MM. Bourgois and Moll have termed the coHjfficient of 
slip. If the screw, instead of acUng upon a fluid, worked in a stationaiy nut, the co-effi- 
cient of slip would become nothing ; or if the screw were set into revolution when the vessel 
was at anchor, the co-efficient of slip would become equal to 1. If in like manner a screw 
vessel in trying to stem a very strong head wind was driven bodily backward, the advance 
would become negative, and the co-efficient of slip would become greater than unity. It is 
easy to conceive that the co-efficient of slip is a quantity which must exercise a marked 
influence upon the efficiency of the vessel; and MM. Bourgois and Moll, by taking the 
relative velocities for the abscissas of a curve, and the co-cfficients of slip for the ordinates, 
have shoivn that the co-efficient of slip increases with the relative velocity, and that conse- 
quently the advance diminishes in like manner with this velocity. On the other band, if 
we call B* the immerged midship section of the vessel, V' the relative velocity of the vessel, 
or in other words the velocity of the vessel relatively with the water in which she swims, K 
a numerical co-efficient, indicative of the resistance of the hull and of which the value will 
be hereafter specified, then the resistance R of the hull, will, according to the law of the 
resistance of fluids, be expressed by the equation R = KB^ V'*, and the power consumed 
per second will be represented by the equation RV' = KB’ V'*. If the power exerted by 
the engine as ascertained by the indicator be represented by T, then the ratio of the power 
utilized in propelling the vessel to the power exerted by the engine will be represented by 
the expression -5^^^'. This quantity, which MM. Bourgois and Moll designate by the term 
ntUization, is tantamount to that given under the head of **^1® fh® 

performance of the steam vessels in the British navy, at page iii. of the Appendix, and it is 
an expression of the efficiency with which the vessel works, whether resulting from the 
form of the hull or the form of the propeller. The larger this quantity is the more efficient 
is the vessel; and in designing steam vessels of every kind, the object which has to be 
attained is to make this quantity as large as possible. 

In the experiments made with the screw of 6 6‘ 14 inches diameter, pitches were tried of 
76T8 inches, 92-95 inches, 113-38 inches, 128-3 inches, and 159-7 inches, and with each 
of these pitches screws were tried of a length answering to the following fragments of the 
pitch 0-300, 0-375, 0-450, 0-600, and 0-750, making in all thirty scries of experiments for 
this one diameter. To make the results accruing from these experiments more readily 
intelligiblef they were laid down in a curve, in which the pitches were taken for abscissa?, 
and the co-efficients of slip for ordinates. This comparison was made both in the case of 
the experiments performed when the resistance of the hull was aggravated by the plane 
immerged in the water at the bow, and in the case of the hull when unobstructed by this 
addition ; and two series of curves were thus obtained, which showed very clearly that the 
co-efficient of slip diminished with the pitch, and diminished also as the fraction of the pitch 
increased. In other words, it was thus made plain, what indeed had been known before, that 
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there was less slip with a fine pitch than with a coarse one, and less also when the screw 
was tolerably long than when it was very short. The amount of slip, however, is not the 
only question to be considered in such a case, for the inereused friction produced by the 
expedients which diminish sli^ may more than compensate for the advantage gained ; and 
in another series of curves, in which the areas of the indicator diagrams were taken as the 
ordinates, the pitches being still the abscissm, it was found that the performanee increased, 
both as the pitch diminished and as the fraction of the pitch diminished. To such dimi- 
nution, however, there is obviously a limit ; and from the two preceding series of curves a 
third series ^vas compounded, which pointed out under what circumstances the efficiency 
became a maximum, or, in other words, what the conditions were which united the largest 
speed of the vessel with the least consumption of coal. A more full development of 
these circumstances will be found in the citations from the Memoir of MM. Bourgois 
and Moll, which I shall presently give, and in the tables of results of the experiments made 
on board the “ Pelican," given in the Appendix. 

It appears from these, in common with other experiments upon the screw, that the slip 
increases the more the immerged area of the midship section exceeds that of the screw’s 
disc. With a given midship section it is therefore advisable to make the screw as large in 
diameter as possible consistently with the observance of other conditions. Screws with two 
blades have a larger slip than screws of four blades constructed of the same length in the 
direction of the axis and of the same pitch, and screws of six blades have about the same 
amount of slip as screws with four blades. As regards the mere question of slip, therefore, 
the screws with four blades appeared to be preferable to those with two blades, but as 
regards efficiency the screws with two blades appear to be equally effective. The increased 
slip with a screw of two blades appears to be compensated by its diminished friction. 

In employing screws of a larger and larger diameter relatively with the immerged area 
of midship section, the following consequences arc found to ensue: — 1st. The efficiency 
of the engine power in propelling the ship increases. 2nd. The ratio of the pitch to the 
diameter, which produces a maximum effect, goes on increasing. 3rd. It becomes proper 
to employ smaller and smaller fractions of the screw or of the total pitch. Thus in the 
case of the “ Pelican,” when fitted with screws of four blades, and of the diameters of 98‘42 
inches and 54 inches, the results have been found to be in the ratio of 1 to ’823. The 
most advantageous ratio of the pitch to the diameter was found to be 2’2 in the case of the 
large screw, and 1’384 in the case of the small. Finally, the fraction of the pitch found to 
be most advantageous was ’281 in the case of the large screw, and ’450 in the sase of the 
small screw. These results show that there are no absolute proportions of screw which are 
properly applicable to all vessels alike, but that the proportions and configuration must 
vary wth the form of the vessel, with the draught of water, and with the amount of the 
engine power employed. Screws of two blades, in order that they may realize the same 
results as screws of four blades, should have a finer pitch, and screws of six blades appear 
to act very efficiently in the case of large diameters. According to these conditions, a 
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vessel being given, and the area of the midship section being known, so that the limit of the 
screw’s diameter — when taken as large os possible — is determined, the ratio of the square 
of the screw's diameter to the area of midship section becomes at once ascertainable. Multi- 
plying this ratio by the co-efficient k of the resistance of hull, and which Mil. Bourgois and 
Moll take at the mean value of 6 kilogrammes, or 13'2.3 lbs. avoirdupois, per square metre 
of immerged section, at the speed of one mttre per second, they obtaui a product which they 
term the Relative Resistance, because it expresses the relative resistances of the vessel and 
the screw, and putting for abscissae the values of this quantity in the case of the “ Pelican,” 
and successively for ordinates the fractions of the pitch and the values of the ratio of the 
pitch to the diameter corresponding to the maximum performance, they have constructed 
curves from which they have deduced, for values equidistant from the quantity which they 
have termed the relative resistance, the fraction of the pitch which should be employed, and 
also the proper proportion of the pitch to the diameter, in the case of screws with two, 
with four, and with six blades. They have next proceeded to classify the different vessels 
of the French navy, according to the ratio of the area of the immerged midship section to 
the square of the diameter of the screw, and they have thence deduced the value of the 
relative resistance for those vessels, and have shown how to determine the pitch, and the 
fraction of the pitch, proper to be employed in each particular case. For war vessels, 
which require to be capable of proceeding either under sails or under steam, they re- 
commend the use of screws of two blades, — mainly in conscqucnec of the facility with 
which such screws can be shipped and unshipped ; but in the case of merchant vessels with 
auxiliary power, they reeommend that the screw shall be made merely capable of revolving 
freely when disengaged from the engine, in the manner of a patent log. A screw thus 
fitted will, they say, offer scarcely any obstruction to the progress of the vessel under sail, 
while it will possess advantages in strength and simplicity, such as would not be otherwise 
attained. 


MEMOIR RESPECTDfQ THE EXPERIMESTS MADE IN THE “PELICAN.” 

The experiments performed with different screws on board the “ Pelican,” in 1847 and 
1848, were made the subject of a Memoir by MM. Bourgois and Moll, describing the 
manner in which the experiments had been conducted, and discussing fully the nature of 
the results which had been obtained. This Memoir extended to 320 folio pages ; but as it 
was difficult in so voluminous a document to discover those practical facts and conclusions 
which are alone interesting to the practical engineer, the French Minister of Marine invited 
the authors of the Memoir to draw up a risumi of its more important contents, such as it 
would be proper to place in the hands of the engineers at the different French sea ports, 
to put them in possession of the most important points of information which these experi- 
ments had elicited. Accordingly, a new Memoir was prepared, of a character answerable 
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to these intentions; and the conclusions put forth in this Memoir were verified by comparing 
them with the conclusions derived from a subsequent set of experiments upon screws of 
large diameter made in 1849. Even the abridged Memoir is a very bulky document, and 
it is often needlessly diffuse and transcendental ; but it constitutes one of the most elaborate 
investigations of the action of the screw which has yet appeared, and upon the whole I 
consider it a safe and useful guide in practice. As this Report has not been printed, it is 
quite unknown in this country ; and it will be useful therefore to recapitulate here such of 
its leading topics of information, as may be available for the more complete elucidation of 
the subject. 

The experiments made upon the “ Pelican,” had for their object the detennination of 
the specific efficiency of all kinds of screw propellers in vessels of every size, proceeding at 
every speed, and under all circumstances of wind and sea, to the end that the particular 
species of propeller most proper for a given vessel might be readily specified. It was also 
a leading object to determine the value of the revolving force, that it was necessary to bring 
to act upon the screw-shaft to moke the screw perform a determinate number of revolutions 
in a given time, supposing, of course, that tlie fonu of the vessel was known as well as the 
dimensions and form of the propeller ; or rather, having once determined the law of the 
revolving force in functions of the number of revolutions, to assign the value of the power 
consumed In a single revolution per unit of time, and the solution of this double problem 
evidently involves the elucidation of the question in all its generality. 

15y the term utilization, or efficiency, is meant the ratio of useful effect to the power 
transmitted by the engine to the screw-shaft, or, in other words, it is the ratio of the engine 
power to the aggregate resistance, multiplied by the distance through which the vessel 
passes. This, therefore, is the same as tlie ratio of the indicator power to the dynamometer 
power. The value of this ratio, as has been seen by the experiments made with vessels to 
which a dynamometer has been applied, depends not merely on the proportions of the 
screw, but also on the size and form of the vessel, and upon the action of the winds and 
sea. Now the proportions of a screw have reference to the diameter, the form of the 
directrix, the pitch, whether variable or constant, the fraction of the pitch or length in 
the direction of the axis, and the number of arms or blades of which the screw is composed. 
The efficiency, therefore, or what is the same thing, with any given indicator power the 
amount of the djraamometer power, is a very complex function of the diameter of the pro- 
peller, of the form of the directrix, of the nature or the amount of the pitch, of the length 
in the direction of the axis, and of the number of blades of the propeller, and also of the 
resistance experienced by the hull at different speeds, of the immerged form of the stem, 
and finally of the velocity of the vessel, or of the number of revolutions made in a given 
time by the propeller. 

The results arrived at by the experiments made with the “ Pelican ” are susceptible 
of ap|)lication in the case of all vessels of similar form, but of larger or smaller size, if the 
precaution be taken to make the velocities adopted as answering to one another, vary as the 


Digitized by Google 


COSIPABATIVE MBIUTS OF D1FFEBE3JT SCREWS. 


147 


square roots of the linear dimensions of the vessels. When the vessels are not of similar 
forms, however, this law will not appl)', and it will be necessary in such a case to employ a 
co-clficient which may be considered as equivalent among other like or similar elements. To 
determine this quantity it will not be always ncccssarj' to establish n suitable ratio between 
the speeds of two dissimilar vessels, but in the greater number of cases it ^vill sutiicc to 
estabhsh between the linear dimensions of their respective screws a ratio, which shall be 
equal to the square root of the ratio of their elementary resistances. By elementary 
resistances are meant the resistances of the two hulls per unit of speed both brought into 
relation to the respective speeds of the two hulls; and in order to make the laws, ascertained 
to exist in the case of the “ Pelican,” applicable to any vessel of a different form, it is only 
necessary that in both vessels the ratio of the elementary resistance of the hull to the area 
of the screw’s disc, or the square of the screw’s diameter, should be the same. It is obvious 
that if a vessel be propelled with twice the difficulty, she should have twice the propelling 
area in the screw’s disc, or in the square of the screw’s diameter, if the same velocity has to 
be maintained ; and the elementary resistance of the hull is merely an expression of the ease 
or difiiculty with which the vessel is propelled. 

The ratio of the square of the diameter of the screw to the elementary resistance of the 
hull, gives the relative resistance of the screw and hull, and this is a quantity which enters 
largely into the subsequent investigations, and the precise nature of which it is neccssaiy to 
apprehend. If a vessel of a given form, and with a given number of square feet of iramerged 
section, be propelled through the water at a given speed, there will be a certain resistance 
per square foot of immersed section, which is ascertainable. A blunter vessel, if driven by 
the same power, at the same speed, must have a less immersed section ; she will, therefore, 
present more resistance per square foot of immersed section, while a sharper vessel wdll 
present less. If, therefore, these several vessels be driven at the same speed, with the same 
power, and with the same screw, then as the screw exerts the same pressure or thrust in 
each case, and remains unchanged in diameter, the ratio of the square of the screw’s 
diameter to the total area of immersed section must be different in each of the vessels, and 
this ratio is indicative of the relative resistance of the screw and ship. The thrust of the 
screw will always be just balanced by the resistance of the ship. 

Taking the immerged midship section of the “ Pelican” at 109J square feet, or more 
correctly, at 109‘79 square feet — which immersion appears to have been maintained through- 
out the experiments with little variation, — and the diameters of the screws tried, at 66'14 
inches, 80-7 inches, and 98-4 inches, or 5'51 feet, C‘726 feet, and 8'2 feet, with the common 
geometrical ratio of 1'22, then the different relative resistances corresponding to tlie series 
of diameters will be expressed by K x K x ^ x if the measure- 

ments be mode in feet, — K being the value of the resistance of a square foot of immersed 
section of the vessel at a speed of one mfetre, or 3'2808 feet, per second. If, however, the 
measurements are taken in metres, then, as the immersed section is 10‘20 square mhtres, 
and the diameters of the screws 1’680 metres, 2 050 metres, and 2’50 metres respectively 
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the expression becomes K x K x K x K being the resistance 

of a square metre of immersed section of the vessel at a speed of one m6tre per second 
• It is obvious from these figures that the relative resistances arc as the numbers (1’22)^, 
(1-22)’, and 1 ; or, as 2-21533456, 1-4884, and 1-000; or, say, as 2-215, 1-488, and 1-000. 
The use of a retarding plane let down into the water at the bow of the vessel enabled the 
relative resistance to be extended to 3-323, a value corresponding to an imaginary diameter 
of screw of 4-5 feet, or 1-372 metres, supposing the screw to be applied to the simple hull ; 
and although the results obtained with this retarding plane have not the same authority as 
analogous results obtained with actual vessels of a blunter form, yet they afford approxi- 
mations of sufficient accuracy to be of much utility in practice. The pitches tried were 
6-348 feet, 7-746 feet, 9-449 feet, 11-525 feet, 17-156 feet, and 20-935 feet, having the 
common ratio 1-22, as in the case of the diameters. If the measurements be taken in 
mitres, the pitches will become 1-935 metres, 2-361 mitres, 2-880 mitres, 3-513 mitres, 
5-229 mitres, and 6-381 mitres. 

The efficiency being the ratio of the useful effect to the amount of engine-power trans- 
mitted to the screw, and the useful effect being nothing more than the resistance of the 
vessel multiplied by the space through which she passes, or, in other words, being just the 
dynamometer power, it is easy, when the engine and dynamometer powers are knoivn, to 
tell what the efficiency is, whatever may be the speed of the vessel. If we knew with 
precision the law of the increase in the resistance which a vessel experiences when her speed 
is increased, we should be able, by knowing the resistance at any one speed, to tell what it 
would be at any other, and also what would be the useful effect at that increased speed. 
Thus if it were the fact that the resistance increased as the square of the velocity, then a 
constant elementary resistance multiplied by the cube of the speed would give the useful 
effect at the increased velocity ; and for speeds differing but little from one another this 
mode of computation may be adopted. In the case of dissimilar speeds, however, such a 
method of estimation will give fallacious results, since it is known that the resistance of 
vessels increases more rapidly than the square of the velocity in the case of considerable 
speeds. Thus, when the speed of the “ Pelican” was increased from 6j^ to 9^ knots per 
hour, or about one-third, the resistance rose, not as the sijuarc, but as the 2-28th power ; so 
that, calling B* the immerged section of the vessel, V the velocity of headway, and K the 
resistance of a square foot of immerged section at the speed V, it will only be permissible to 
take the expression K B'* V* as representative of the resistance, on the understanding that K 
varies in functions of the speed according to the approximate law K = K' x V“ “, where K' 
is a constant co-efficient. In the following investigations it will not be necessary to adopt 
this notation, the foriqula KB* V“ having the advantage of superior simplicity, and being, 
moreover, sufficiently exact in the case of similar speeds. But in the case of speeds of a 
different order, it is necessary to understand that the ordinary formula does not give exact 
results ; and when employed in connection with such speeds, therefore, a correction of the 
nature here indicated must be applied. 
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If we put h to denote the pitch of the screw, ^ the co-elRcicnt of recoil or of slip, and 
n the number of revolutions of the screw in a unit of time, then the expression KB* V’ 
may, it is clear, be put under the form KB* (1 — p)* A* n*, or under the form KB* a* n*, 
supposing a be understood to represent the distance through which the vessel is advanced 
through the water by each revolution of the propeller. The area of the immersed midship 
section B* is readily ascertainable when the draught of water is known ; and the advance a, 
the co-efficient of slip p, the speed of the vessel through the water V, and the number of 
revolutions n, are all to be determined by experiment. As regards the co-efficient K, its 
value for different speeds was fixed approximately, in the case of the “ Pelican," by the aid 
of experiments directed to that object; but its value in functions of the speed is also 
deducible from tlie slip, and the efficiency or ratio of the dynamometer to the indicator 
power. 

By the absolute speed of the vessel is meant the speed over the ground, determined by 
dividing the length of each run by the time of its duration. From the absolute speed the 
relative speed, or speed through the water, may be derived, by adding or subtracting the 
velocity of the current ; and as this speed raised to the third power enters into the formula 
which expresses the efficiency of a propeller, it is highly important that it should be accu- 
rately determined, since any error which e.xists in the determination of this clement will be 
multiplied by the subsequent operations. The precautions taken to ensure accuracy in 
determining the speed of the “ Pelican ’’ have been already related. Most of the experi- 
ments were made in the Roads of Minden, between the towers of Scee and Brillantes, 
proper lines of posts being erected upon the left bank of the Loire to fix the distances with 
exactitude, and the length of the run was generally either lOlGj^ metres, or double that 
distance. The usual course of procedure was to make four runs with the whole power of 
the engines acting so as to give the full speed ; four runs with only one boiler in operation, 
so as to produce a reduced or medium speed ; four runs with only one boiler and with the 
steam throttled, or rather worked with much expansion, so as to produce a low speed ; and 
four runs with one boiler, and with the engines using all the steam which that boiler pro- 
duced, but with a board or plane of 13'988 square feet, or 1'30 square mttres, lowered into 
the water at the bow, and fixed across the stem, so as purposely to increase the resistance of 
the vessel. The mean values of the speeds thus obtained were, with the simple hull, 9-5, 
7-7, and G'5 knots ; and if N be the number of strokes made by the engine during the run, 
t the duration of the run in seconds, and r the ratio of the gearing wheels, then the number 
of revolutions n made by the screw in a second will be represented by the formula 
n = y . To determine the speed of the vessel through the water from the speed over 
the ground, the vessel was successively tried with and against the current ; and if a be 
the advance of the screw through the water made by each revolution, then it is clear that 
the value of this quantity will remain unchanged, or nearly so, whether the vessel proceeds 
with the current or against it, so long as there is an absence of wind. Putting then U, 
U -f a, and U-|- 2a to represent the mean speeds of the current during each succeeding 


Digitized by Google 



150 


COMPARATIVE MERITS OP DIFFERENT SCREWS. 


mn, and n, n' and n", the corresponding number of revolutions of the screw per second, 
then n a, n' a, and n" a will represent the speed of the vessel through the water during 
each of the runs in question ; and if we designate the absolute speed, or the speed over the 
ground in each of the runs by », i/, and v", we shall have u = na±U, u' = n'a±U 
± a, and v" = n a ± U ± 2a. We hence find the value of a to be expressed by the 
equation a = ; and when the distance that the screw advances through the water 

by each revolution is known, it is easy to tell the speed of the vessel through the water 
per second or per hour, by multiplying the advance by the number of revolutions per second 
or per hour made by the screw. 

These conclusions are only quite accurate under tlie supposition that the vessel is 
sailing in a perfect calm ; but vessels are generally more or less affected in their speed by 
the influence of the wind, and this influence will not be properly eliminated in an experi- 
mental trial, by running the vessel first before the wind and then against it, nor will 
it often happen that the current and the wind proceed in the same direction. MM. Bourgois 
and Moll made some experiments in the “ Pelican,” to determine the effect of winds of 
different strengths upon the progress of the vessel, and also upon the co-efficient of slip; and 
by the aid of these experiments, they have constructed a table which gives the corrections, 
in functions of the speed, proper to be applied to the co-efficient of slip in the case of vessels 
proceeding at full speed and aided or opposed by winds of different strengths. These 
corrections are as follows : — With the wind on end, or at two points of deviation from that 
direction, the correction proper for a strong breeze is '024, for a pretty strong breeze, ‘021, 
for a light breeze ‘018, for a gentle or feeble breeze ‘012, and for light airs, ’OOG. With 
the wind at six points of deviation from the course of the vessel, the corrections arc just 
half the foregoing ; and for a deviation of four points, the corrections arc intermediate 
between the other two. 

Besides the corrections which have reference to the influence of the wind, there are two 
others to be taken into account, and they relate to the immersion and speed of the vessel. 
The mean draught of water of 8-2 feet, or 2-5 m&tres, which corresponds with an immerged 
section of 109'79 square feet, or 10-2 square metres, having been adopted as the normal 
immersion of the “ Pelican ” during the experiments, it is obviously necessary that any 
delation from that draught should have a suitable allowance made for it in determining the 
final results. In proportion ns the coals of a steam vessel are consumed, the vessel will be 
lightened, or her immersion will become less ; but in the experiments with the “ Pelican,” ' 
this deranging influence was in a great measure counteracted by admitting water into the 
hold. Nevertheless, there was some variation in the draught, which, however, did not 
exceed 3 centimetres, or 1'18 inches ; and two experiments made with different immersions 
on the 29th of August and the 3rd of September, mdicated the influence which the 
immersion had upon the slip, and consequently fixed the limit of the influence which a 
difference in the immersion of 1'18 inches could exert. This influence ought to bo nearly 
the same for all screws of the same diameter ; and a correction of '015 per decimetre or per 
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3"93708 inches of immersion, has been adopted as a proper allowance for variations of 
immersion in the case of high or full speeds. As regards the trim of the vessel, or the 
difference of draught at the bow and stern, the vessel has been very generally trimmed -7 
metres, or 2‘296 feet by the stern ; and two experiments made on the 18th and 20th of 
November, svith the resisting plane, and at the medium speed, showed that no sensible 
difference in the speed resulted from altering the trim to the extent of 20 centiraitres, or 
7-87 inches. 

From the general tenor of the experiments upon the “Pelican,” it appears that ■with 
every kind of screw, the difference in calm weather between the co-efficients of slip at speeds 
of 9’5 knots and 6'5 knots does not exceed 0'03. A correction, therefore, of O'Ol per knot, 
in the case of such speeds as 9'5 knots per hour — which is adopted as the normal full 
speed in these experiments — will be a near approximation to the truth ; and taking the 
co-efficients of slip os indicated in the tables, in the case of the experiments made at full 
speed, and in the case also of those made with the resisting plane, the several corrections 
proper for the force of the wind, the immersion, and the speed have been applied to them, 
and curves have been drawn for each of the series of screws of the some diameter, the same 
number of blades, and the same fraction of pitch, — the pitches being taken for abscisssc, and 
the co-efficients of slip for ordinates, as already intimated at page 143. In all operation.s 
of this kind there will be some of the points derived from the experiments which will fall 
a little within or without the curves, owing to accidental causes of disturbance, or perhaps 
to errors of observation ; but the general law of the progression can be ascertained by 
curves drawn in the manner described, with sufficient accuracy for the wants of practice. 

It has been already explained that the co-efficient of slip is the ratio of the diminished 
pitch of the advance of the screw to the entire pitch, or, in other words, it is the ratio of the 
progress of the vessel to that of the screw, supposing the screw to work in a solid nut so 
ns to have no slip. It has also been explained that the results of the experiments made 
upon the “ Pelican ” are applicable to vessels of \ery different dimensions, but at speeds 
varying as the square root of the linear dimensions. The slip is the same In the aisc of all 
vessels of similar forms, and which have similar screws, and a resistance of hull propor- 
tional to the squares of the diameters of the several screws. By similar screws is meant 
screws which have the same number of blades, the same fraction of pitch, and the same 
ratio of the pitch to the diameter ; and similar forms of hull and similar screws arc merely 
hulls and screws constructed on a different scale from the original, but in all other respects 
the same. Taking as the immersed midship section of the vessel, and D as the diameter 
of the screw, then-^ will express the ratio of the immersed section to the square of the 
screw’s diameter. Substituting for this expression the letter b, then Kb will represent the 
ratio between the resistance of the hull per unit of speed and the square of the screw’s 
diameter ; or, in other words, it will represent the relative resistance already referred to at 
page 145. Putting R for the resistance of the hull at the speed under consideration, then 
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K being the co-efficient of the resistance of the hull, we have K=g^. But K, according 
to the experiments upon the resistance already recited, varies slightly with the speed, and 
therefore putting K5 = for the same screw, it is clear that the quantity K5, and the 
slip which answers thereto, will vary also, and will, in fact, increase with the speed. The 
amount of increase, however, is not considerable, and is scarcely appreciable in speeds under 
7 knots ; and it appears probable that the increased proportion of slip at high speeds is due 
altogether to the increase in the resistance beyond that which the common law supposes, 
or, in other words, to the increase in the exponent of the speed which answers to the resistance 
in the case of high speeds. Thus, while with the simple hull the difference in the slip at a 
speed of 6'5 knots, and at a speed of 9'5 knots is 0'03, as has already been explained, the 
difference in the slip, if the comparison be made between the simple hull and the hull with 
the resisting plane, is, with equal speeds, from O'lO to O'll ; and this quantity varies but 
little mth the pitch of the screw. Bearing then in mind that the resisting plane occasions 
an increase of resistance of '5, while the vessel passes from the speed of 6’5 knots to 9*5 
knots, we may discover by interpolation the ratio of the increase of the co-efficient of 
resistance which shall produce an increased slip of 0-0.3, and that ratio we shall find to bo 
1-11. If then we call V' the high speed of the vessel, and V the low speed, and E' and 
R the respective resistances of the hull, we have R — K B* V’, and R’ = I'll K B’ V'^, 
But 1'11= (■^)‘^®from whence it would appear, that while the vessel passes from the 
low speed to the high speed, the resistance varies as the 2'28th power of the speed. This 
result, deduced from the experiments upon the “ Pelican,” presents also a satisfactory 
agreement with the results of experiments made upon a smaller boat, when brought into 
relation to the speeds corresponding to the difference of dimensions. 

In looking over the tables in which are collected the co-ordinates of the curves of slip, it 
is easy, by arranging in one group those which refer to screws of four blades, and haring 
the same pitch, but different fractions of the pitch, or, in other words, different lengths in 
the direction of the axis, to sec the direction in which the slip varies in functions of the 
fraction of the pitch. Very short screws occa.sion more slip than screws of a greater length ; 
and it would be easy to express the law of the variation by a curve, having the fraction 
of the pitch for abscissa, and the slip for ordinate. For present purj)oscs, however, it 
-will be sufficient to indicate the nature of the general law ; and the experiments show 
that between the fractions of '30 and '75 of the pitch, or three-tenths and three-quarters 
of a complete convolution of the helix, there is a difference of slip of '05 or '06 in the 
case of screws with a pitch of 4'285 metres, or 14'058 feet, though this difference decreases 
in the case of screws of both a less and a greater pitch. The rate in the diminution of the 
slip from increased length becomes ver}' slow, moreover, before the proportion of three- 
fourths of a convolution has been attained ; and after that point the diminution becomes 
inappreciable, and does not comj)cnsate for the increased friction. On the other hand, 
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by progressively diminishing the fraction of the pitch, the slip will be made greater and 
greater ; and the curve which expresses the law of the variation of the slip in functions of 
the fraction of the pitch, will consequently have for its asymptote the right line of which 
the equation would be y or ^ = 1. 

The manner in which, with a given length of serew, the slip varies in functions of the 
pitch, can also be readily ascertained by on inspection of the tables of co-ordinates, which 
have the pitches for abscisste and the co-efficients of slip for ordinates. Here, too, the 
curves, which represent the law of variation, will have for asymptote the right line of which 
the equation is y = 1 ; for if the pitch be sup(>oaed infinitely great, the advance will be 0, 
and the co-efficient of slip will be equal to 1. It appears very clearly, from the curves which 
represent the general law, that, as the pitch of the screw is increased, there is an increase of 
slip corresponding to the increase of pitch, and this result ensues whatever fraction of the 
pitch is employed. Thus, by referring to the tables, it will be seen that with the screw of 
four blades the slip increases from ’305 for every increase of the pitch from 1 '935 metres 
to 6'381 rafetres. AVithin the limits of the experiments the differences of slip appear to 
increase in arithmetical progression, while the pitches increase in geometrical progression ; 
and in prolonging the curves so as to include pitches, which are four times greater than the 
diameter, this empirical law appears still to hold good. 

It will not be difficult to investigate a formula, by the aid of which curves may be 
drawn which shall coincide within the limits of the experiments, with the curves which 
have the pitches for abscissa; and the co-efficients of slip for ordinates. Thus h being one 
of the pitches exj>erimented upon, 51 the ratio 1'22 of the geometrical progression of the 
pitches, G the slip of the screw which has the pitch K, A the variation of slip of two 
consecutive pitches of the scries, x the pitch which follows h\ and y the corresponding 
slip ; then x = K M', and y = G -|- A Z, whence we get y = G -|- A (~j^) = G — + 
As we have for a fraction of the pitch of, say, for example, ’45, 5'= 1-935, M = 
1-22, G = 0-220, A = 0-48, if we substitute these values, and if at the same time w-e 
replace the pitch x by I) e, e being the ratio of the pitch to the diameter D, the formula 
becomes p = 0-1858-1-0-555 log. e; and under this form it is apjdicable, under the limitations 
already indicated, to all screws of four blades and of -45 of the total pitch, — the relative 
resistance of the vessel being at the same time similar to that obtaining in the case sup- 
posed. It would be easy to express the slip in functions of the pitch with any other frac- 
tions of the pitch which might be assigned. The differences would be almost identical, and 
the value of e having alone changed, the slip would become, with a fraction of -75 of the 
pitch, 0-1580 -|- 0-555 log. e ; with a fraction of -GO of the pitch, the slip would be 0-1720 
-f- 0-555 log. e; with a fraction of -375 of the pitch, the slip would become 0-2000 -1- 
0-555 log. e, and with a fraction of the pitch of -300, the slip would become 0-214 -f- 
0-555 log. e. 
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The experiments mode in the “ Pelican,” upon screws of two blades, though not 
so numerous as those made upon screws of four blades, were nevertheless sufficient to 
show that, in this case also, the slip increases in arithmetical progression as the pitch 
is increased in geometrical progression. A screw with two blades has a little more 
slip than a screw of four blades having the same diameter, length, and pitch ; and the 
inequality increases slightly with the pitch. In the case of screws with two blades, 
the slip will be expressed in functions of the pitch when the fraction of the pitch is '45, 
by 0’2378 — 0-166 + 0-0566 log. e, or 0-0718 4- 0-0566 log. e; and when the fraction of 
the pitch is -30, the slip will be expressed in functions of the pitch by 0-0800 + 0-0566 
log. e. These expressions indicate that with pitches smaller than those employed in the 
experiments, screws with two blades would have less slip than screws with four blades ; 
and the difference may be imputed to the inferior resistance which screws of two blades 
encounter at the cutting edges of the blades. The screws of six blades which were tried 
in the “ Pelican” were not very favourable specimens of that species of screw, as the cutting 
edges, being thick, encountered considerable resistance in passing through the water. Upon 
the whole, however, it was found that a relation similar to that subsisting between screws of 
two and of four blades subsists also between screws of four and of six blades. A screw of 
two blades was also tried which had an increasing pitch at the entrance for one-fourth of 
the length, the remaining three-fourths of the screw being formed with a uniform pitch ; 
but the slip with this species of screw was found to be as great as with the common screw, 
the slip being measured by the pitch of the posterior portion. The efficiency, nevertheless, 
of screws with an increasing pitch, was found to bo somewhat greater than that of screws 
of a uniform pitch, or, in other words, the result was better relatively with the power 
consumed. 

It now remains to make some remarks upon the variations in the resistance of the 
vessel, and in the diameter of the screw ; and, from the considerations already exhibited, it 
will be obvious that it will suffice to consider one of these quantities, since similar screws 
have the same amount of slip with the same relative resistance, and since an increase in the 
resistance of the hull has the same influence upon the slip as a diminution in the diameter 
of the screw. If, therefore, we wish to compare experiments made with different re- 
sistances of hull, and different diameters of screw, but with the same ratio of the pitch to 
the diameter, wo must first reduce these experiments to an equivalent series having the 
same diameters of screw in each ea.se, or the same resistance of hull, so that the results 
may become readily comfiarablc. To ascertain the law of the variation in the slip, either 
in functions of the absolute resistance, or of the square of the screw’s diameter, or, what 
is more simple, in functions of the relative resistance of the hull, it is necessary to select 
screws having the same number of blades, the same fraction of pitch, and the same ratio of 
the pitch to the diameter, and to trace a curve with the relative resi.stances for abscissa;, 
and the co-eflicicnts of slip for ordinates ; or the law of the variation may be expressed by 
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a formula, which will, in fact, be the equation of the cuirc in question. If we take, for 
example, the screws of four blades with a fraction of the pitch of ’375, with the ratio of 
the pitch to the diameter equal to 2'55, and with the several diameters of 5’51 feet, 6'72(! 
feet, and 8'2 feet, or 1-68, 2'05, and 2-50 metres, then the relative resistances will have the 
respective values of K x 3-643, K x 2-446, and K x 1-644. The respective co-efficients 
of slip for these screws were found experimentally to be 0-4304, 0-348, and 0-292, at a speed 
of 9-5 knots ; so that the differences between the co-efficients of slip are proportional to the 
differences Ixjtween the relative resistances ; and we may translate this empirical law by the 
equation f = 0-178 4-0-0693 x 6, which, in the case of the screws referred to, expresses 
the co-efficient of slip in terms of the relative resistance, and of a quantity depending on the 
proportions of the screw-. 

In seeking, by means of this equation, to determine the relative resistance answering 
to a slip of '455, which was the slip found to obtain when the “ Pelican” towed the ship 
“Fabert," when corrected for the influence of the wind, we find its value to be K x 0-400; 
and we find 2-433 to be the ratio of the total resistance of the two hulls, at a speed of 
7-3 knots, to the resistance of the simple hull of the “Pelican,” at her nonnal draught of 
water, and at a speed of 9 5 knots. The resistance of tlie “ Fabert” having been found, 
by one of Regnier’s dynamometers, to be 159-347 lbs. or 72-25 kilogrammes per unit of 
speed, we easily get the value of the co-efficient of the resistance of the “Pelican” for a 

kot M m 

speed of 7-3 knots, in resolving the equation 72-25 x K' (11-55)* = 2-433 (K' x 10-28). 
Here 11-55 is the imraerged section of the “ Pelican," in square metres, when towing the 
“Fabert;” and a metre being 3-2808 feet, a square metre is 10-764 square feet. By this 

tua li4« 

equation we find K' = 5-367, or, say, 5-4 = 11-9097 lbs. The results obtained with the 
screws of the diameter of 5-51 feet, or 1-68 metres, may be expressed by means of the 
equation p = 0-164 — 0-14 log. m' — 0-14 log. ^ (a -625 — e *115 log. ni') log. e, where 
e represents the ratio of the pitch to the diameter, ” the fraction of the pitch, and m' the 
number of blades. For screws of 5-51 feet or 1-68 metres in diameter, or for a relative 
resistance of 3-643, we have p = 0-14 — 0-14 log. ^-f- 0-555 log. and for the large 
diameter, or for the relative resistance, K x 1-644, the expression becomes p = 0-163 — 
0-225 log. ^4- "64 log. e. The results obtained in the experiments of 1848 with screws 
of 5-51 feet, or 1-68 metres in diameter, arc represented by the following formula: — 
p = > where c is a constant quantity depending on the fraction of the pitch and 

number of blades. The different values of this constant, and also the logaritlims of its 
values, are exhibited in the following table: — 
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Fraction of 

Value of e. 

Valae of the 

the Btch. 

Logaiitbm of c. 

ScaEWS WITH Two Blades • 

0-300 

0-450 

9-743 

n -007 

0- 988589 

1- 041659 


0-300 

10-714 

1-029952 


0-375 

11-600 

1-064458 

SCKEWS WITH FoUB BuLDES - 

0-450 

12-380 

1-089198 


0-600 

13-027 

1-114844 


.0-750 

13-453 

1-128819 

Screws \mn Six Blades 

0-600 

13-042 

1 115356 


In applying the formula f >= to a vessel other than the “ Pelican,” it is necessary 
to consider b as expressing not the precise ratio of the immersed transverse section to the 
square of the screw’s diameter, but rather the ratio of B'* x to the square of the screw’s 
diameter, B'* being the immerged section, and K" and K the resistances per square mitre of 
immerged section of the new vessel and of the “Pelican” per mitre of speed per second, both 
brought into relation to the speeds of the two vessels. Since, however, the slip is sometimes 
negative, the above formula should be modified by adding to the numerator a negative term 
as a function of the relative resistance, and which would have a very small value with all 
screws of the ordinary proportions. The logarithmic formula leads to the conclusion, that 
with a pitch equal to 0, the negative slip would become infinite ; and this formula cannot be 
trusted beyond the limits of the experiments. 

The jwwer exerted by the engines in the experiments upon the “ Pelican ” was ascertained 
by means of an indicator, which, in the experiments of 1847, was applied only to the top of 
the cylinder, but in the e.xperiments of 1848 was applied both to the top and bottom. 'The 
mode of reckoning the power exerted by the engines was not the same as is usually adopted 
in this country, but the measures employed are nevertheless convertible. In England the 
practice is to take the mean pressure in pounds per square inch, exhibited by the indicator, 
less a pound and a half, which is deducted as an allowance for the power consumed in over- 
coming the friction of the engine itself; then multiplying the residual pressure by the 
number of square inches in the area of both pistons, by the number of feet travelled by 
the piston in the minute, and dividing by 33,000, we have the measure of the dynamical 
effort of the engine in actual horses’ power. In the French experiments the pressure upon 
the piston is taken in centimetres of mercury; and a centimetre is •39371, or somewhat 
more than one-third of an English inch, so that a square centimetre is ‘ISS of an English 
square inch. Xow a column of mercur)' an inch square and an inch high weighs, at 
60°, about ’491 lbs.; hence a column of mercury a centimetre square and an inch high 
will weigh '155 of this amount, or '0761 lbs., and a column of mercury a centimetre 
square and a centimetre high will weigh -39371 of this last amount, or -02996 lbs. A 
kilogramme is 2-2055 lbs. avoirdupois, so that a cubic centimfetre of mercury will weigh 
•01358 kilogrammes. A linear mttre contains 100 centimitres, therefore a square metre 
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contains 10,000 square centimetres; and 10,000 times -01358 kilogrammes, or 135-8 kilo- 
grammes will be the pressure exerted on a mitre of surface by a column of mercury a 
centimetre high. If now we call D the diameter of the cylinder in metres, C the stroke of 
the piston in mitres, N the number of strokes made per minute, and p the mean pressure 
exerted upon the piston in centimetres of mercury, then, bearing in mind that there are 
two cylinders, and that the stroke of the piston both ways has to be reckoned, the power 
e.\erted, measured in kilogrammes, raised one mitre high in the minute, will be represented 
by 135-8 X 2 D* * -7854 x 2 C x N x p, or, in other words, 426-6 D* C N/>. The power 
exerted per second will be j^th of this, or7-llD*CN/>; and MM. Bonrgois and JIoll 
have adopted the expression 7-117 D*CN/)to represent the gross power exerted by the 
engine per seeond in kilogrammitres, or in kilogrammes raised one mitre high. From 
this, however, some deduction has to be made for friction, before it can express the power 
transmitted to the screw ; and it is clear that the friction consists of two parts, of which 
one is nearly constant, whatever be the pressure put upon the piston, while the other varies 
with the amount of strain transmitted through the working parts. For overcoming the 
constant friction of the engine, MM. Bourgois and Moll, from some experiments they made, 
consider that 5 centimetres of raercurj', or -9666 lbs. per square inch, must be accepted as a 
sufficient allowance ; while the friction, which varies with the strain, is designated by the 
co-efficient A. The power actually operative in turning round the screw-shaft will, there- 
fore, be expressed by the formulie A x 7-117 D* C N (p— 5), and this quantity will always 
be proportional to the quantity 7-117 D* C N {p—h), so that the latter expression will serve 
as a measure of the power transmitted to the screw. 

This, then, gives an expression of the power exerted by the engine. The power utilised 
by the ship, or, in other words, the dynamometer power, is approximately reprcsentcil by 
the expression K B* V* = K B* a’ n’ = K B’ (1—^)* A® K being the resistance in kilo- 
grammes per square metre of the iramerged section of the vessel, at a speed of one metre 
per second; B* the immerged midship section in the square mitres; V, the speed of the 
vessel through the water in metres per second ; a, the advance of the screw through the 
water per revolution ; n, the number of revolutions of the screw per second ; A, the pitch ; 
and f>, the slip of the screw. The utilisation, therefore, «, or, in other words, the ratio of 
the dynamometer to the indicator power, will be represented by the expression u = 


M.7 cX(^-») = ‘‘“d calling r the ratio of the gearing 


wheels interposed between the screw shaft and the engine, we may put the expression of 


the utilisation, or ratio of dynamometer to indicator power, under the following forms: — 


KB'H .. n* „ 

7 117 D* U X SO* (p-4) 

• 

• (1) 

KB* «' 

7117 D*Cx«0 X x a* 

• 

■ (2) 
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U 


K m ,, 

7117 D' CITM X 


- - X 


( 3 ) 


The efficiency of all the screws tried in the “ Pelican ” has lieen calculated by MM. 
Bourgois and Moll by the aid of these formula-, and especially by the aid of formula (1). 
When the engines are connected immediately to the shaft, the effect is obviously the same 
as if the gearing wheels were of equal diameter. The ratio of the gearing would, in such a 
case, be expressed by the fraction .}•, which is the same as 1, so that the ratio of the gearing 
would spontaneously disappear in the formulas, since the multiplication or division of the 
other quantities by 1 would not in any way alter their value. 

The whole of the quantities entering into the composition of these formula: have been 
derived from direct experiment, except the quantity K ; and as that quantity is involved in 
some uncertainty, so far as the experiments in the “ Pelican ” are concerned, it will be 
useful to investigate the values of the other quantities comprehended in the fomiul® 
independently of K, so that they may continue to be applicable even if a new value for K 


be finally adopted. Now, if, os appears by formula (1), u = 


KB>r> 


then ^ = . 




IFTHTgo* 




■ 7 T i 7 li -b ^ 6 ffl (7^ X a»; and putting »/ for ^ , we haven' = 

1 

( 7 ~s) xa“; or, by formula (3), «' = 7 :117 JTc x so ^ ^ already 


explained that p — 5, with the addition of a constant factor, expresses the mean effective 
pressure, in centimetres of mcrcurjq of the steam urging the piston, and that it is permis- 
sible, therefore, to take p — 5 as representative of the mean effective pressure exerted by 
the engine. If, then, the screw travels twice, three times, or any other number of times faster 
than the engine, it is plain that, by connecting the engine immediately to the screw shaft, a 
half, a third, or other fraction of the pressure corresponding to the new speed of piston, 
would imjMirt the same power as before to the screw. If r be the ratio of the gearing, it is 
clear that, neglecting the constant factor already mentioned, the fraction will repre- 
sent either the reduced pressure, which, when applied direct to the screw shaft, will suffice 
to give the same power, or it will represent the diminished power expended in producing a 
revolution of the screw compared with that necessary to produce a revolution of the 

Ip-i] 

engine. The fraction, therefore! i r I , will, still neglecting the constant factor, represent 


the effective pressure acting on the screw shaft, divided by the square of the number of revo- 
lutions of the screw. Now in paddle vessels it has been found that the pressure in 
the cylinders increases a.s the square of the number of revolutions, supposing of course that 
the immersion remains invariable, and that the vessel is not affected by the wind. The 
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experiments in the “ Pelican ” show that this law also obtains in the case of screw vessels, and 
it hence follows that the fraction \_rj will express the effective pressure necessary to be 


«• 

employed in cylinders coupled immediately to the screw shaft, in ortlcr to cause the shaft 
to make one revolution per second ; but the result has to be corrected by a constant factor, 

the value of which depends on the size of the screw and the size and shape of the vessel 

It is time, however, to give some of the promised citations from the Memoir of MM. Bourgois 
and Moll, to which the foregoing remarks have reference; but as this production stands 
greatly in need of compression, I cannot undertake to give in all cases a litei*al translation, 
but shall abridge the verbiage as much as scorns practicable without obscuring the sense : — 


Elementary stroke of rotation. — The abstract value of the abstract ratio which we shall hence- 

.■ 

forth, for more simplicity, call P„ expresses, with the exception of a constant factor — which depends 
solely on the proportions of the screw and the size and shape of the ves«l — the effective pressure 
requisite to be exerted in the cylinders, when coupled immediately to the screw shaft, to produce one 
revolution of the screw in the second. As regards the elementary stroke of rotation capable of producing 
this speed of revolution of one turn of the screw per second, and which wc shall denote by C„ it would 
be determined by the relation C, = A x 1-0330 x x P„ or putting A, = A x then 

C, = A, D’ C P„ — the kilogramme and the mStre being taken as the measures of the forces, and being 
the general co-efEcient of the reduction of the power of the engine, as before explained. It is easy now 
to see that the complete resolution of the problem rests substantially on the determination of the values 
of the second members of the equations u = K o', and C, = A, D* C'P„ and principally on the deter- 
mination of the values of td = 7-117 I^c « eo ^ i' ^ I** = (ZEU^- Th® precise values of K 

m* 

and At though interesting to ascortain, are of inferior importance to the determination of the values of u 
and and in the ** Pelican,” the elements from which the values of u and C, were computed, remained 
without alteration in the several experiments, so that the relative results must be correct, even if we 
suppose the absolute values to be in some degree uncertain. 

Unknown quantities of the ‘Besides the two principal unknown quantities tf' and 

we have called in the aid of an auxiliary unknown quantity, the intervention of which, if not indis- 
pensable, is at least of much utility in facilitating some of the calculations. The co-cflicicnt of slip has 
already been expressed by p, and the combination of p and P. leads immediately to the value of so 
that if we discover the practical and rational formulae, or in default of this, if we draw a series of curves, 
to express p and P, in functions of the defined variables on which those quantities depend, we shall have 
discovered the law of the efficiency, and consequently will be able to specify the circumstances which 
make the efficiency a maximum. 

General estimate of the reeults It will be apparent on inspecting the tables that the 

value of the expression u = K or of the co-efficient of efficiency diminishes as the speed increases. 
This is inevitable from the increase, in a higher ratio than the square of the speed, of the co-efficient of 
resistance K ; for, with an aggravated resistance, tlicre is an increased slip, and consequently an inferior 
efficiency. This increase in the resistance, in a more rapid ratio than as the square of the speed, is 
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impuUble to the difference in the level of the water at the bow and stem, whereby the tcsscI U forced 
back or resisted by a hydrostatic pressure. If our attention be turned to the values of P, with the three 
different speeds at which each screw has been tried, we shall find that those values remain constant in 
each case in which the experiment has been made during a calm. The wind will, of course, either 
diminish or increase the resistance of the hull as its direction may be favourable or adverse ; and this 
effect will be the more conspicuous at the low speeds. 

Curres of the coefficient of ilip 03id efficiency. ^\n investigating the values of the coefficients of 
slip, and of efficiency, we have represented the results obtained with the screws of the diameter of PCS 
metres by two clusters of curves, — the one relating to the experiments with the simple hull, and the other 
to the experiments with the resisting plane. They have all the pitches for abscissie; and in the case of 
the screws with four blades, three series of curves have been traced for each of the fractions of pitch 
0'30, 0*375, 0*45, 0 60, and 0*75. The ordinates of the first series represent the co-efficients of slip 
cleared from all disturbing influences; the ordinates of the second series represent the values of 


j and the ordinates of the third series represent the ralucs of the cfSciency already designated by 


b'. This last curve is naturally the product of the other two. The same mode of procedure lias been 
adopted in the case of the screws with two blades, but only with the fractions of the pitch 0'30 and 0-45. 
The elements of the curves, which refer to the simple hull, have been brought to the speed of 9'fl knots 
in preference to the medium or the low speed, so as to reduce as much as possible the disturbing 
influence of the wind, and of the irregular variations of the current. The maximum efficiencies, in the 
case of the simple hull, which answer to different fractions of the pitch with screws of four and of two 
blades, arc as follows 


SCREWS WITH FOUR BLADES, DIAMETER 1'680 METRES. 



Fitch io 

Knetioa of Pitch. 

Ratio of Fitch to 
DUnrtcr. 

EffieicDc; or UtlUu' 
tion. 


r 

2-747 

0-300 


K X 0-07495 



2-328 

0-375 


K X 0-07485 

Simple hull 


3-095 

0-450 


K X 0-07465 



3-335 

0-600 


K X 0^)7405 



3-473 

0-750 

2-067 

K X 0-07350 


SCREWS WITH TWO BLADES, DIAMETER 1’680 MiTRES. 


1 Simple hull - 

J*itch in 

Friction of Fit^. 

Ratio of Fitch to 
Diatnrtcr. 

Efflcicncj or UtiliMw 
tion. 

2-553 

2-838 

0-300 

0-450 

1-520 

1-689 

K X 0-07500 
K X 0-07690 
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It would appear, from these figures, that screws of two blades are a little more efficient tlian screws 
of four blades; but at the time the experiments upon the two-bladed screws were made the engine was 
working with somewhat less friction than when the experiments upon the fuur-bladed screws were made. 
The two kinds of screws, therefore, must bo accepted as about equal in efficiency, but the screws with 
two blades should be made with a somewhat shorter pitch. 

If we bring a straight line parallel to the axis of the abscissm or pitches, but distant therefrom 0*97 
of the ordinate, which represents the maximum efficiency in the case of screws with four and with two 
blades, and whether combined witii the simple hull or with the addition of the resisting plane, it is clear 
that the intersection of this straight line with the cun’cs of efficiency for each fraction of tho pitch will 
answer to an equal number of accurate solutions of the problem. Each of the curves of efficiency 
which rises high enough to be met by the straight line will famish two intersections, and, consequently, 
two values for every fraction of pitch interpolated between those of the experiments. We are thus led 
to two sets of solutions that are equally satisfactory the one with longer, and the other with sliortcr, 
pitches. The constituents of each series are as follows:’^ 


SCREWS WITH FOUR BLADES, DIAMETER 1*680 METRES. 


Simple HuIL 

Pitch ia Mctm, 

■ 

Ratio of Pitch to 

DiaoMtar, 

FrtcUon of 
Pitch. 

Slip. 



1-843 

1-097 

0-300 

0-2351 



2-065 

1-229 

0-375 

0-2485 

l<t series, shortened pitches - - 


2-338 

1-4-27 

0-450 

0-2710 


2-735 

1-628 

0-600 

0-2865 



2-388 

1-779 

0-750 

0-2960 



3-400 

2024 

0-300 

0-3885 



3-523 

2-097 

0-375 

0-3810 

2nd series, elongated pitches - - 


3-625 

2-158 

0-450 

0-3735 

i 


3-745 

2-229 

0-600 

0-3630 



3-795 

2-259 

0-750 

0-3550 


SCREWS WITH TWO BLADES, DIAMETER 1*680 METRES. 


Simple Hull. 

Pitch in Mctrca. 

Ratio of Fitch to 
Diameter. 

Fraction of 
l*itch. 

Slip, 

Ut series, shortened pitches • ■{ 

2155 

1-970 

1-283 

1-173 

0-300 

0-450 

0-2905 

0-2445 

2nd scries, elongated pitches* •c 

2- 795 

3- 435 

1- 664 

2- 045 

0-300 
0 450 

03575 

0-3825 


T 
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These figures show that with the same fraction of pitch, and the same relative resistance, the ratio 
of the pitch to the diameter ought to increase when we pass from a screw of two blades to a screw of 
four blades ; and this rule also holds in passing from a screw of four blades to a screw of six. It further 
appears, from the results afforded by screws of diflerent diameters, that if the practical efficiency of the 
screw of 1*68 metres in diameter is expressed by K x 0*0727, we can, without material error, fix the 
efficiency of the screw of 2*5 metres in diameter at K x 0*0820, which corresponds to a superior 
efficiency in the case of the lai^e screw of 12*6 per cent In the case of the screw 2*05 metres in 
diameter, the efficiency will be represented by K x 0*0770; and each screw will have two pitches, which 
will give the same efficiency of 3 per cent less than the greatest maximum performance. In the case of 
screws with four blades, and of the diameter of 2*5 metres, this measure of efficiency appears to be 
equally attained with a pitch of 5*229 metres, ratio of pitch to diameter 2*091, fraction of pitch 0*500, 
and with a pitch of 6*581 metres, ratio of pitch to diameter 2*552, and fraction of pitch 0*450. It 
appears to us very probable that the screw of this diameter, which would realise the maximum maximorum, 
or highest maximum, efficiency, would have a pitch intermediate between these two, but approaching more 
nearly to 5*229 metres than to 6*381 metres, and a fraction of pitch a little inferior to 0*500. 

I'\ttf 0 ura 6 U injiuence of a curved directrix, or increaetTig pitch, — An ordinary screw of a uniform 
pitch is generated by winding an inclined plane upon a cylinder, and in casting screws in loam, an 
inclined plane bent to the circumference of the screw, serves to direct the loam board by which the form 
of the screw is struck out. This inclined plane is called the directrix; and if the directrix, instead of 
being a straight line, be a portion of a rising curve, it is clear that the screw will be formed with an in- 
creasing pitch. We believe we can fix the approximate advantage of the curved directrix, or increasing 
pitch, at about 5 per cent. If now we wish to group together the good practical utilizations and the 
maximum maximorum utilizations for the straight directrix and the curved directrix with the difiTerent 
diameters of screw of 1*680, 2*050, and 2*500 metres, and witli the midship section of 10*20 square 
metres, we shall accomplish tliat object by constructing the following tables: — 


Straight directrix 
Curved directrix 


DiamtUr* of ih« Scrrwt 
in M^trc 


1-680 
2-050 
2 500 
1-680 
2-050 
2-500 


Good pnulical L-tilii.tioni, 
that H b> uyi 3 pw MDL 
In. UiM til. inaxunum 
nwiitnoruia. 


K X 0-07270 
K X 0-07700 
K X 0-08200 
K X 0-07633 
K X 0-08185 
K X 0-08610 


U&lifnura miKimoruin 
UiUIcatioAk 


K X 007495 
K X 0-07838 
K X 0-08454 
K X 0-07870 
K X 0-08335 
K X 008877 


If we wish to form an idea of the efficiency of these several diameters relatively with tlie power 
generated in the cylinders of the engine, it will be sufficient to subsiitute for K its value for the speed 
of 9-5 knots, and which may be taken at C kilogrammes. Putting therefore K = C, we are conducted to 
the following results : — 
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DiwnrWni of th* Servws 

IQ 

CiMMi practical t’tUisationa. 
that N to uy, 3 per cent. 
luM tl>afi tha maiiiouin 
maiimoruro. 

Matimum maiiiooruro 

L'tiluatiofMk, | 

1 


r 

1-680 

0-436 

0-450 

Straight directrix 


2050 

0-462 

0-476 



2-500 

0-492 

0-507 

1 

■ 

1-680 

0-458 

0-472 

Curved directrix - ■ 


2-050 

0-491 

0-500 



2-500 

0-517 

0-553 


If, finally, we wuh to detennine the power really consamed by the propeller itaelf, when cleared of 
the deductions neceasary to be made from the power generated in tho cylinders on account of the friction 
of the engine, it is necessary to assign a numerical value to the co'cfficient A, already referred to, as 
entering into the composition of the effective pressure A (p — 5). Recent experiments authorize us in 
concluding that A is but little less than 0*8 ; and it will suffice to divide by this quantity tho figures of 
the two last columns of the preceding table to arrive at the desired result. The table thus adjusted will 
be as follows : — 



Dianwten oS the Screira 
in Metres, 

Good practical UtilisatioDi, 
that U to wy, 3 prr cent 
IcM thao the muimum 
maxiuDorum. 

Maiimom maiimoruta 
L’tiliiaiiocia. 



1-680 

0-545 

0-562 

Straight directrix 


2-050 

0-578 

0-595 ' 



2-500 

0-615 

0-634 


■ 

1 680 

0-572 

0-590 

Curved directrix 


2-050 

0-614 

0-625 1 



2-500 

0-646 

0-666 


! 


The general result deduciblo from these comparisons is, that with the greatest diameters, such as 
2*500 zndtres, or, with the least relative resistances, about two-thirds of the power actually applied to the 
screw will be available in the propulsion of the vessel, or, in other words, that the dynamometer power 
will be about twt^thirds of the effective engine power; whereas with the smallest diameters, such as 
1*372 metros, or the greatest relative resistances, only *55 of the power actually applied to the screw will 
be available in the propulsion of the vessel, or, in other words, the dynamometer power will, in such a 
case, be only about half the engine power. The ratio of these performances being 1*28, and the cube 
root of 1*28 being 1*09, it follows that, with an equal expenditure of engine power, a vessel that would 
only attain a speed of 1 1 knots with a screw of 1*372 metres diameter would attain a speed of 12 knots 
with a screw of 2*500 metres diameter. 

Value of the elementary etroke of rotation , — It is evident that the value of the elementary stroke of 
rotation G, depends on the number of blades of the Krew, and that with any given number of bladea it 
ought to increase with the resistance as well as vrith the diameter, the fraction of the pitch, and the 

T 9 
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pitch. In comparing the values which C« takes in the experiments, or, what comes to the same thing, 
the values which P« takes at a speed of 9*5 knots with the simple hull, and 6*5 knots with the resisting 
plane, it will be seen that C« does not increase much more than 12*5 per cent, with a difference in the 
resistance of the vessel of 50 per cent. An increase in the resistance of a screw vessel has for its most 
conspicuous result an increase in the slip. The -elementary stroke of rotation, or, in other words, the 
power necessary to produce a revolution per second, varies but little with changes of resistance, and hence 
there is no great difference in the number of revolutions of the screw. In the case of a vessel similar to 
the ** Pelican,” both in hull and screw, but of a larger or smaller size, and where the speeds taken for the 
purposes of comparison are as the square roots of the linear dimensions of the respective vessels, the value 
of the elementary stroke of rotation will vary as the fifth power of a linear dimension of the hull or 
screw. This relation will equally apply even when the forms of the vessels sre not similar, provided the 
linear dimensions of the screws are to each other as the square roots of the total resistances per unit of 
speed, and the elementary stroke will in such a case still vary as the fifth power of some linear dimension 
of the screw. 

Summarjf of only does the efficiency of a screw increase with its diameter, or rather with 

the relative resistance, but the proper ratio of the pitch to the diameter, and the corresponding fractions 
of the pitch, vary with the relative resistance, the ratio of the pitch to the diameter diminishing when 
the fraction of the pitch increases, while the fraction of the pitch varies with an inverse progression. 
The elements which concur in realising the different maximum maximorum performances in the case of 
the “ Pelican** are exhibited in the following table : — 


SCREWS OK FOUR BLADES, STRAIGHT DIRECTRIX OR UNIFORM PITCH. 


1 

1 UHTft. 

rtich la 

Ratio ot fUcS to 

Fnctlon «( 
null. 

KoUtl.t 

MAtlnuim BM«l. 
•onm t'UitBatkjn 

lUUo of VdUMtie*. 

1*373 




K X 5-435 

003330 

1-000 

0-S23 

I-6SO 

2-S27 



K X 3<6I5 

007500 

1077 

0*8h7 

2-030 

3*S95 



K X 3-4-r9 

007950 

1*143 

0-940 

3*500 

5*500 



K X 1*333 

OOH430 

1*315 

1-000 


The relations exhibited by this table are independent of the absolute values of the diameter and 
pitch inscribed in the first and second columns, or, in other words, the same maximum maximorum per* 
formance will continue to be obtained so long as tlio propeller and ship satisfy the conditions indicated 
by the third, fourtli, and fifth columns. The fraction of the pitch, it will be seen, varies in the inverse 
ratio of the pitch to the diameter ; whence it follows that the length of the screw in the direction of the 
axis varies in the proportion of the diameter; and that with the same diameter, but a varying relative 
resistance, the length of the screw in tfie direction of the axis should remain unchanged at about 0*15 of 
the diameter. Screws of four blades appear to require pitches about one-fourth greater than screws of 
two blades, and screws of six blades require pitches about one-fourth greater than screws of four blades ; 
but the screws of six blades should have an increase of three-fourths in the fraction of pitch. Screws of 
six blades, if made of large diameter and of a long pitch, appear to be somewhat superior in efficacy to 
screws of four blades; but this result is inverted if the pitch be reduced, or the diameter be diminished. 
The direct resistance caused by the cutting edges is greater in the case of screws of many blades; and 
this influence U more sensible when the slip is small. The following table exhibits the proportions of 
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scren^ whether formed with two, four, or aiz blades, that will give the maximum efficiuDcy in vessels of 
di0erent kinds 


TABLE OF THE PROPER PROPORTIONS OF SCREW PROPELLERS. 


CUm <d 8cr«w VetHl. 

Viik«l r«l*dM 

Screw* of Two 

Screw* tt Four BtaSea 

Hmaa* of HU aude*. 

lutiofimtcii 
CO DlaiMCw. 

FrartUm of 
nuA. 

Raite or PIUS 
10 UiaoMtor. 

Fraction of 
Plicb. 

lUtio of PitrS 
to DUmter. 

FractloB of 
PlUk. 


K K 5*5 

1005 

0*454 

1*943 

0*454 

1*677 

0*794 


K K 50 

loss 

0*428 

1*435 

0*438 

1*771 

0*749 


K K 4-5 

MS5 

0’40’i 

1*513 

0*402 

1*891 

0*703 

AuiilUry )in« of hattU ship 

K X 40 

l*fi05 

0*978 

1*607 

0 978 

2*009 

0-661 

Auviltary frigate 

K X S*5 

rS79 

0*955 

1*705 

0-955 

9*131 

0-631 

«pe«<i Hr>e of battle ship 

K X SO 

l'S57 

0-934 

l*S10 

0*394 

2*262 

0*585 

tliKb sp««d fnKata 

K X ^5 

1*450 

0*319 

1-SS9 

0913 

3416 

0*548 

Hi|(h speed eorvetle 

K « 30 

1*560 

0*294 

3O«0 

0*294 

2*(kiO 

0*515 

Do^t^ boat 

K X 1-5 

1*583 

OTS75 

2*343 

0*275 

9*804 

0481 


Example of the computation of the elemente of a tcrexo cease/. From the results of the experiments 
made upon the ** Pelican,” it will not be difficult to determine the proportions proper fur any other screw 
vessel L required to maintain the speed and having an immersed cross section B'S and a resistance of 
hull K'' B'* As the efficiency increases in proportion as the relative resistance diminiabes, the 

diameter d' of the screw of the ship L should be taken as large as the draught of water will permit. To 
the diameter thus fixed there will correspond a relative resistance, which will be expres^ by 
and if the propeller has to be made capable of being raised out of the water through a trunk at the stem, 
a screw of two blades must be selected: but if this is not a necessary condition, the preference may then 
be given to a screw of four or of six blades, according as we attach the most value to the lightness, or 
the propelling apparatus, or to a diminution of the speed of its revolution. 

The relative resistance being the ratio of the square of the diameter of the screw to the area of the 
immerged cross section of the vessel, it is clear that when the diameter of the screw and the area of the 
immerged cross section are known, the relative resistance is also known ; and so soon as the number of 
blades that the screw is to have has been specified, it becomes easy to determine the proper ratio of the 
pitch to the diameter, and the proper fraction of pitch, either by the aid of the foregoing tables, or by the 
following considerations, on which, indeed, the tables have been constructed:— First determine what 
diameter d it would be necessary to give to the screw of the ** Pelican," in order that the relative resistance 
of that vessel should become the same as that of the new ship L; and this discovery may be made by 
means of the equation vessels being thus brought into circumstances of simi- 

larity, the next thing is to determine the most eligible values of the ratio of the pitch to the diameter, 
and of the fraction of the pitch in the case of the Pelican ” when fitted with a screw of the diameter d ; 
and this may readily be done by the aid of arithmetical or graphical interpolations of the kind employed 
in determining the values given in the foregoing tables. The values thus arrived at as proper for pro- 
portioning the hypothetical screw of the Pelican” will be those which are proper for proportioning the 
screw of the ship L. 

The hypothetical screw of the ** Pelican,” and the screw of the ship L, will have the same co-efficient 

ft*** 

of slip, the value of which may be readily ascertained by the formula p s Let W' be the 
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tpeed which it ia required that the veaael L shall attain ; D', the diameter of cylinder ; O', the stroke of 
the piston; p'y the gross mean pressure of the steam in centimetres of mercury; N', the number of 
revolutions per minute made by the engine; n', the number of revolutions per second made by the 
screw ; r', the ratio of the gearing ; s', a constant equal to 5 centimetres of mercury» which is to be 
subtracted from so that WAy he proportioual to the eflective pressure; A', a co-efficient of 

reduction for the resistances of the engine itself^ analogous to that designated by A in the case of the 
** Pelican;** and C\ the elementary stroke of rotation; then supposing that the new vessel is to have two 


cylinders, C\ = A', D'^C' x ( r* ). On the other hand, wo have ^ =■ (^) ; whence it may be con- 
eluded that X ( r* ) = x D*C x x (1) » 

”^5" A, ^^7 

or substituting ^ for wc have x x = ~ x x (^ ) x (J)* . . (2) 

and we may put B*=10*20 square mitres, and K=6 


The ratio ^ Is the same as 


kilogrammes, as already explained. The values of P«, which ore the same as those 


of r-^). 


may be 


obtained from the tables given in the Appendix. The value of D* C is equal to 1 *204^ the diameter D being 
M2 metres, and the stroke C •96 mitres. As regards the quantity which represenu the ratio of the 
co-efficient of reduction for the engine of the “ Pelican,** and that of the veaael L, it will be permissible 
to make it equal to 1 , if the engines are not of a very different character from each other. The equation 
( 2 ) will then become 

D'>C'+^f^x ^=ioxD»Cx@x(4) (3) 


iy»C' X (p'-*) X N = 60 D*C X (^r) X ( 3 ) .... 


(♦) 


If we omit the quantities s and sr', which each represent 5 centimetres of mercury, the equations will 
become 


^C'x^;x^-^xD«Cx(f)x(^)‘ (S) 

and rx*C'xp'xN'=60x«'*D*Cx(f)x(i)‘ (6) 

The two last formulae, which are suhstantiall; the wime, will give reaulta of sufficient accuracy for 
the wants of practice. In the tables in the Appendix the values of the fraction ( t) will be found, as well 

I’’—) 

as of tlie fraction \ ^ / . The value of the first of those fractions is not strictly constant, but any vari- 
ation that there is in it is of very small amount. 


These citations will enable a just estimate to be formed of the merits of the memoir of 
MM. Bourgois and JIoll, which, upon the whole, is very creditable to their talents and 
industry, but which would have been of greater utility if a dynamometer bad been used, and 
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if a simpler mode of investigation had been adopted. Certainly their researches by no means 
exhaust the subject; and we have yet to learn, so far as experiment is concerned, what 
increase in the immersion of a screw will be equivalent to a given enlargement of its diameter, 
and what alteration in the thrust is produced by a given alteration of the pitch. In the 
case of superficial screws, however — and these comprise most of the examples which occur 
in practice — the experiments of MM. Bourgois and Moll enable us, with any given diameter, 
to specify the best pitch and the best length of screw that can be employed, whether the 
screw is formed with two, four, or six blades. For taking K as the resistance per square 
metre of immerged section, B’ the area of immerged midship section in square miitres, d the 
diameter of the screw in metres, and p the pitch of the screw in metres, then 
and d multiplied by the ratio of pitch to diameter given in the second column of the table 
at page 165, will be equal to p. Finally = length of screw. 

It will be useful to illustrate this question by an example, and I shall take the case of a 
high speed corvette or screw steam packet of full power. The same mode of procedure is 
applicable with any other class of vessels, and I shall take the dimensions in French mea- 
sures, though English measures may also be employed. Referring to the table of the proper 
proportions of screw propellers given in page 165., it will be seen that the relative resistance 
of a high speed corvette is K x 2, or taking K as unity, the relative resistance may be put as 
equal to 2. Let the immerged midship section or B* be .38'72 square metres or 416'79 

square feet. Then =4'4, which is the diameter of the screw in metres, or if the 

dimensions be taken in feet, the diameter will be 14'43 feet. Supposing a screw with four 
blades to be employed, then the ratio of pitch to diameter proper for a screw of that kind 
when applied to a high speed corvette being by the table in page 165., 2-080, we have for 
the proper pitch of the screw 4-4 x 2-080 = 9-152 metres or 30-01 feet. The proper length 
of the screw being the pitch multiplied by the fraction of the pitch and divided by the 
number of blades, and the proper fraction of pitch for a screw of this kind being by the 
table -294, we have 9-152 mitres multiplied by -294 and divided by 4, which gives a length 
of -672 mitres or 2-2047 feet. By a similar mode of procedure there will be no difficulty in 
fixing for any given class or size of screw vessel the proportions of screw which will give a 
maximum performance, whether the screw selected be one of two, of four, or of six 
blades. The main difference which will be produced by increasing the number of blades 
will be to diminish the speed of the engine ; for a coarse pitch is proper for a screw of many 
blades, and a coarse pitch involves a slow engine, in order that there may not bean injurious 
amount of slip. In cases therefore in which it is apprehended that the engine if coupled 
immediately to the screw shaft would move with an inconvenient velocity, there are two 
alternatives which present themselves whereby the velocity may be diminished. The one 
is the use of gearing ; the other is the employment of a screw of several blades and of a 
coarse pitch. The latter expedient appears to be the preferable one, except in cases in 
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which the screw has to be drawn up through a trunk, and under those conditions screws of 
two blades must of course be cinplo3'ed. 

Having now disposed of the elaborate memoir of MM. Bourgois and Moll, and having 
shoivn in what way the results they obtained may be employed to determine the proper pro- 
l>ortions of screw propellers in the case of different vessels, I propose to indicate in a few words 
a mode of considering the subject which is simpler than that which they have adopted, 
and by which the main points of the inquiry may be made readily intelligible to common 
understandings. Setting aside for the moment, the question of slip, it is obvious that a 
screw draws forward a vessel in the water, in the same way in which the screw of a slide 
lathe draws forward the rest, or in which a screw is drawn forward when penetrating a piece 
of wood. Now as no such mechanical combination as that of a body drawn forward by a 
screw, can gain power or lose it cither, except by friction, it follows, that neglecting slip and 
friction, the thrust upon the screw shaft of a vessel, multiplied by the space through which 
the vessel passes in a given time, must be precisely the same as the force urging the pistons 
of the engines multiplied bj’ the space through which they pass in the same time. In other 
words, the dynamometer power would, under the supposed conditions, be equal to the engine 
power, as must obviously be the case if none of the power be dissipated by slip or friction, since 
there is no other way in which the power can be expended. Now if a screw be turned round 
with a given leverage and a given pressure or weight, the amount of thrust which it will 
exert will de|>end upon the fineness of the pitch ; for if the pitch be fine the advance per 
revolution will be small, and in proportion to the smallness of the advance will be the force 
with which the advance is made. If now we suppose a small amount of slip to take place, 
such as obtains in a screw vessel, these relations will nevertheless, in the main, continue to 
upplj’ ; and in ordinary screw propellers, which have a moderate amount of friction and slip, 
the thrust will become greater as the pitch is made less. The engine, however, will at the 
same time move with an increased velocity, and it does not by any means follow that 
there will be a mechanical advantage from a very fine pitch. But in every case in which a 
heavy load has to be overcome with a limited dimension of engine, a fine pitch will be the most 
suitable for overcoming the impediment. In fact, diminishing the pitch of the screw, in the 
case of a screw vessel, has a similar operation to diminishing the diameter of the paddle 
wheels in the case of a paddle vessel. If the diameter of the paddle wheels of a paddle 
vessel be diminished, their tractive force will be increased in the same proportion ; but the 
slip of the floats through the wafer will at the same time be increased, if they remain of the 
same dimensions, since there is a greater pressure exerted upon them. The column of water 
upon which a screw acts, in consequence of its want of cohesion and its deficient inertia, is 
bent up into a wave at the stem, and if an increased pressure be put upon it this disturb- 
ance will be increased ; but if the screw were to be sunk deeply in the water the inertia of 
the superincumbent column would have to be overcome before a wave could be raised, and 
the loss of power frotn slip and centrifugal action would be diminished by the small amount 
of disturbance which the water on which the screw acts would then have to sustain. 
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Upon the whole it appears that, in the case of deep screws, — or indeed of any screws which 
have an adequate resistance opposed to them, so that the slip does not become of serious 
amount, — the amount of thrust upon the screw shaft will, with any given pressure upon the 
pistons, vary nearly as the pitch of the screw ; or with any given pitch of screw, the thrust upon 
the screw shaft will vary nearly as the pressure upon the pistons. Witli a fine pitch, therefore, 
it will happen that much the same effect will be produced upon the column of water upon which 
the screw acts, as would be produced by employing a largo power of engine. The column of 
water in fact, will be more bent up at the stem, at the same time that the thrust of the 
screw shaft is increased ; and it hence follows, that vessels which employ screws of a fine 
pitch more frequently manifest the existence of a negative slip, as they are propelled, not 
merely by the thrust of the screw itself, but also by their gravitation, down the declivity which 
is caused by the wave which the screw raises at the stem. With any given pressure exerted 
upon the pistons of an engine, and any given pitch of the screw, the thrust exerted by the 
screw shaft may be approximately determined ; and, in fact, it is the friction alone that will 
prevent that determination from being strictly correct. If the space passed through by the 
screw, supposing it to work in a solid nut, be twice greater than the space passed through 
by the pistons, then the thrust of the screw shaft will be one-half of the pressure exerted by 
the pistons ; if the space passed through by the screw, supposing it to work in a solid 
nut, be three times greater than the space passed through by the pistons, then the thrust 
of the screw shaft will be one-third of the pressure exerted by the pistons : and so on with 
all other proportions. The existence of slip will not affect this detennination, for the 
thrust will be the same, whether there is slip or not, while, as regards the friction, its amount 
is not so large or so inconstant that it can materially interfere with the relative result. 

In connexion with the question of the immersion of the screw, I may here refer to 
two phenomena incident to the operation of screw vessels, the causes of which have not 
yet received explanation, but which I believe to be mainly due to the unequal immersion 
of the arms. The first of these phenomena is, the inability of screw vessels to back or go 
astern without at the same time being carried sidewaj’s out of their intended track in spite 
of the action of the radder ; and the second is, the oscillating or rather twisting action per- 
ceptible in the stem of screw vessels when they are under way. Now, when a steam vessel 
begins to back, she is generally moving slowly, so that the radder has at that time com- 
paratively little power ; and if, while the vessel is going slowly through the water, the 
engine is suddenly reversed, then the centrifugal action of the screw will be acting against 
the gravity of the water, and it may happen, that to the upper portion of the circle described 
by the arms the water can only gain a partial admission, owing to the repulsion caused by the 
centrifugal force, while to the lower portion of this circle, — where the pressure of the water 
is greater, and the centrifugal action only the same, — the water will obtain more complete 
access, and will, consequently, offer more resistance to the rotation of the blades. It will 
follow, consequentlj', that the re-action against the blades of the screw will be less in the 
upper part of the disc or circle described by the blades, than in the lower part of the disc 
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or circle described by the blades. And the screw will, under such circumstances, deflect the 
vessel out of her appointed track, in much the same way as if it was only immerged up to the 
axis. For the same reason, when the vessel is under way the action of the screw will give a 
twisting motion to the stem. There cannot, of course, be any absolute vacuity in the cir- 
cuit described by the arms when the vessel is under way ; and even in backing it is only in 
certain cases that such a vacuity can occur. But in all cases the blades will pass with less 
resistance through the superior part of their course than through the inferior part, as the 
water is more easily moved when there is little hydrostatic pressure above it. If these views 
be correct, it will follow, that a vessel with a deep screw will be able to back more effectually 
than a vessel with a superficial screw, and ivill also have less motion at the stern. A screw 
of three blades will also act more beneficially, so far as these disturbing influences are con- 
cerned, than a screw of two blades ; since the impulse upon the vertical blade when at the 
lower part of the disc is balanced by the impulse upon the two other blades, which are at 
that time in the upper part of the disc. Screws of three blades, moreover, divide, better 
than screws of two blades, the momentary increase of the forward thrust which gives the 
serrated outline to the dynamometer diagram, and which is caused by the arms of the screw 
coming into the dead water in the rear of the stem post. They are also less affected by the 
roughness of the sea. But these points of superiority will be less conspicuous if the screw 
be deeply immerged ; and under such conditions a screw of t^vo blades is probably the best 
that can bo employed. In screws of every kind it is necessary to take cognisance, not 
merely of the diameter of the column of water acted upon, but also of the length of the 
column acted upon in a given time, which will of course vary with the speed of the vessel : 
for as the water resists the impulse of the screw by its inertia, and as the inertia is pro- 
portional to the mass or quantity of water acted upon, it will follow, that a column of small 
diameter will offer as much resistance in the case of a swift vessel as a column of large 
diameter in the case of a slow vessel, since in the swift vessel the screw acts upon a greater 
length of column in a given time. In the case of a vessel to wliich more engine power is 
applied, the slip of the screw will, it is true, be somewhat increased, as has already 
been explained ; but the slip will not be increased nearly so much os if an increase 
of the velocity of the advance were at the same time to be prevented by increasing the size 
or fullness of the vessel. In considering, therefore, the dimension of screw proper to be 
applied in conjunction with an engine of given power, it is proper to take cognisance of the 
speed at which the vessel is expected to sail, since if the character of the vessel be such 
that the progress through the water must necessarily be slow, a large diameter of screw 
must in such case be employed. It will also be obvious from these considerations how 
important it is to make the liulls of screw vessels sufficiently sharp and fine to enable them to 
pass with facility through the water, since not only is there a commercial disadvantage in the 
lower speed which a blunt fonu involves, but the screw, since it must act on a less extended 
column of water in a given time, must either be of larger diameter or be sunk deeper in 
the water j or if that cannot be, then the amount of slip will be increased. In towing, or 
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in encountering head winds, the same evil is experienced ; for, in consequence of the 
diminished speed of the vessel, the screw no longer acts upon the same quantity of water, 
and the effect is tantamount to a diminution of the screw’s diameter. Tliis effect, moreover, 
it is clear is independent of the injury arising from the centrifugal action of the screw, 
which may at times produce a hollow space in the water in the situation where the screw 
revolves, since with small immersions the water may not be able to approach the screw by 
gravity with the same velocity with which it is projected outwards by the centrifugal motion. 
The action of sails in a screw vessel will virtually increase the diameter of the screw, by 
increasing the speed of the vessel and consequently the length of the column of water upon 
which the screw acts in a given time. The slip of the screw under such circumstances will 
be less, and the vessel will work more advantageously iu every respect. In paddle vessels 
the same action must take place; but 1 am not aware that it has ever been pointed out. 

Before concluding this chapter on the comparative merits of screws of different kinds, 
and which has drawn out to a greater length than I expected, I may briefly recapitulate the 
results obtained with Beattie’s screw, as applied in the “ Frankfort,” a vessel plying between 
Liverpool and the Mediterranean. In this arrangement of screw, which is described at 
page 79, of the present work, the screw is placed behind the rudder, and the rudder is 
formed with an oval eye, through which the shaft of the propeller passes, while by means of 
the eye the continuity of the rudder is at the same time maintained, 'fit's arrangement of 
screw is said to obviate to a material extent the uneasy motion which screw vessels generally 
have at the stern, and the performance of the vessel is certainly of a very superior character. 
I do not, however, attribute this sujierior performance so much to any peculiarity of the 
screw as to the superior form of the vessel, since I find that other vessels built by the same 
makers and with screws of the ordinary arrangement manifest a similar efficiency, 'fhe 
“Frankfort” was built by Jlcssrs. Reid and Co., of Port Glasgow, and was designed by Mr. 
John Wood, to whom the art of steam navigation is under such deep obligations, and whom 
other builders, in their happiest efforts, have only succeeded in imitating. The following 
particulars of the dimensions and performance of the “ Frankfort” have been fonvarded to 
me by Mr. Beattie: — Length of vessel, 190 feet; breadth of vessel, 27 feet 6 inches; depth 
of hold, 16 feet 6 inches; mean draught of water when tried, 13 feet 8 inches; area of 
immersed midship section, 330 square feet; displacement, 1150 tons; burden in tons, 657; 
diameter of cylinders, 40 inches ; length of stroke, 34 inches ; revolutions per minute, 47 ; 
nominal power, 100 horses; diameter of screw, 13 feet; pitch of screw, 25 feet; area of 
screw’s disc, 122 square feet ; ratio of midship section to screw’s disc, 2'7 ; speed of screw, if 
working in a solid, 11'5 knots; speed of vessel, 9’75 knots; slip, 1'75 knot; mean pressure 
on piston, 19 lbs.; indicated or actual power, 386 horses; nominal power to midship 
section, 0'33 ; actual power to midship section, 1‘17. Coefficients of performance, assuming 
the speed to vary directly as the cube root of the power and inversely as the area of the 
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midship sc<rtion / -^ ^^^ -a^=3058-35, and =792-3. Theseresults 

it will be seen, on referring to the tables pven in the Appendix, are superior to any of the 
results obtained from the screw vessels of the navy. Among the screw vessels of the navy 
the largest coefficient obtained by multiplying the cube of the speed by the midship section 
and dividing by the indicated power is that of the “ Rattler,” which, under the best circum- 
stances, was 676-7, os will appear on turning to the Appendix, page iii. ; whereas the 
coefficient of the “ Frankfort” is 792-3. The “Fairy,” though a swift vessel, has a low coeffi- 
cient, a result imputable mainly to her small size ; and to make the results obtained with 
such vessels as the “Fairy” comparable with those obtained with larger vessels, a suitable 
allowance should be made for the difference of dimensions, as has been already explained at 
pages 146. and 131. 
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CHAPTER VI. 

SCBEW VESSELS WITH FULL POWEB. 

Paddle vessels intended to maintain high rates of speed in ocean voyages of considerable 
length are usually furnished with engine power in the proportion of 1 horse power for every 
2| tons burden, builder's measurement, and this is about the proportion of power to tonnage 
which obtains in the Cunard line of steamers plying upon the Atlantic. Very few screw 
vessels have been constructed with this proportion of power to tonnage except in the navy ; 
and the forms of the vessels of the navy are in general so ill adapted for speed, that they do 
not enable such a comparison to be made between the two modes of propulsion as would 
otherwise have been afforded. The “ Rattler," however, the “ Desperate,” and a few of the 
other screw vessels of the navy are of as eligible a shape as the common class of paddle 
vessels, and in their performance they manifest about an equal efficiency. In the “ Daunt- 
less" the proportion of power to tonnage is 1 to 2'88, and the maximum speed is 10'293 
knots; in the “Desperate ” the proportion of power to tonnage is 1 to 2‘59, and the maxi- 
mum speed is 10-766 knots; in the “Dwarf,” a small vessel, the proportion of power to 
tonnage is 1 to 1'5, and the maximum speed is 10-537 knots; in the “Encounter” the pro- 
portion of power to tonnage is 1 to 2-64, and the maximum speed is 10-254 knots; in the 
“Fairy,” a small vessel, the proportion of power to tonnage is 1 to 2-58, and the maximum 
speed is 13-324 knots; in the “ Megmra ” the proportion of power to tonnage is 1 to 3-7, and 
the maximum speed is 10-241 knots; in the “ Niger” the proportion of power to tonnage 
is 1 to 2-68, and the maximum speed is 10'427 knots ; in the “ Rattler” the proportion of 
power to tonnage is 1 to 4-44, and the maximum speed is 10-074 knots; in the “Terma- 
gant” the proportion of power to tonnage is 1 to 2-5, and the maximum speed is 9-51 
knots. In the screw steamer yacht “ Fire Queen,” constructed by Messrs. R. Napier and 
Co., of Glasgow, for Mr. Ashton Smith, the proportion of power to tonnage is 1 to 2-8, the 
power being 80 horses, and the burden in tons 227^^. In the French screw steam packet 
“ Faon,” constructed by M. Normand of Havre, after the designs of M. Moissard, naval 
engineer, to maintain the postal communication between Calais and Dover, the proportion of 
power to tonnage is somewhat greater than in the “ Fairy,” but the two vessels arc in other 
respects very similar. The engines of botli vessels are of 120 horse power; they were con- 
structed by Messrs. Penn and Son of Greenwich, and arc represented in one of the plates of 
the present work. The “ Faon ” is of the following dimensions : — Length between per- 
pendiculars 132-8 feet, breadtii of beam 20-3 feet, breadth at the load water line 19-68 feet, 
depth of hold 10'33 feet, draught of water forward 6-06 feet, draught of water aft 6-88 feet. 
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The displacement of the fore-body is 92'927 mfetrical tons, and of the after-body 95'725 
metrical tons, making the total displacement 188-625 metrical tons. A metrical ton is a 
cubic mitre of water which weighs 2205-5 lbs., whereas an English ton is 2240 lbs., so that 
there is a slight ditference between the two. A cubic mitre of water weighs 1000 kilo- 
grammes, so that a kilogramme is 2-2055 lbs. The cylinders of the “Faon ” are 42 inches 
diameter, and the length of the stroke is 3 feet. The pressure in the boilers is 14 lbs. per 
square inch, number of strokes of the engine per minute 40 to 42, number of revolutions of 
the screw per minute 200 to 210, pitch of the screw 7-7 feet, average speed of vessel 12 to 
13 knots. The weight of the engines is 53 tons, weight of boilers 11 tons, mean time of the 
vo3-ago, both ways, between Calais and Dover — the distance between the two places being 
22 nautical miles — 3 hours 46 minutes, mean consumption of fuel on the voyage both 
ways 2 tons 15 cwt. 14 lbs. When the vessel is mded by sails the speed attained is 14 
knots and uj)wards. Under sails alone, with the screw disconnected, the speed is from 9 to 
9-5 knots, and with the screw not disconnected 5 to 6'5 knots. 

The area of the immersed midship section of the “ Faon " is 87-9 square feet, the area of 
the circumscribing parallelogram of the immersed midship section is 116-186 square feet, the 
area of the water line at the plane of flotation is 1744-495 square feet, the area of the paral- 
lelogram circumscribing the water line at the plane of flotation is 2614-294 square feet, the 
capacity of the immersed portion of the hull is 6583-812 cubic feet, and the capacity of the 
parallelopiped circumscribing the immersed portion of the hull 15331-472 cubic feet. The 
ratio of the length to the breadth at the water line is 6-75 to 1 ; the ratio of the immersed 
midship section to its circumscribing parallelogram is -748 to 1 ; the ratio of the horizontal 
section at the water line to its circumscribing parallelogram is -667 to 1 ; the capacity of the 
immersed portion of the hull to that of its circumscribing parallelopiped is -426 to 1 ; the 
ratio of the length of the vessel to the square root of the area of the immersed section is 
14-24 to 1. The number of nominal horses power for each square foot of immersed midship 
section is 1*36, and the number of cubic feet in the immersed portion of the hull for each 
nominal horse power is 54-865. 

If the unbalanced pressure on the pistons of the “ Faon " be taken at 15 lbs., then the mul- 
tiple of gearing being 5, it follows that the same rotative pressure would be produced by 3 lbs, 
if the engines were connected immediately to the screw shaft. The stroke of the pistons being 
3 feet, the pistons will travel 6 feet for every revolution made by the engines; and the pitch 
of the screw being 7-7 feet, the vessel would be advanced 7-7 feet by every revolution if the 
screw worked in a solid nut. If the pistons moved through 7-7 feet each revolution, the 
same revolving force would be given with a pressure of 2’34 as would be given with a 
pressure of 3 lbs. w-hen the motion is 6 feet ; for with any given unit of power the pressures 
and velocities will vary inversely as one another. Now the area of the pistons is 2771 
square inches, and this area multiplied by 2-34 lbs. gives 6462-43 lbs. or 2-61 tons, which 
would be the amount of thrust exerted upon the screw shaft if the engines and screw 
w-orked witnout friction. But ns probably about one-fourth of the power will be consumed 
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in friction, the actual thrust will, on this supposition, be about 1-96 tons, or 55 lbs. per 
square foot of immersed section. In the case of such a vessel, therefore, os the “ Faon " or 
“ Fairy,” the resistance per square foot of immersed section may be set down as from 50 to 
60 lbs., at a speed of 12 or 13 knots per hour. This is nearly double the amount of 
thrust per square foot of sectional area that would be necessary to propel the vessel at the 
rate of 10 knots an hour. The screw of the “ Fairy ” is 6'2 feet in diameter, so that it has 
an area of about 30 square feet ; and taking the serew of the “ Faon.” at the same diameter, it 
follows that if the thrust be 1‘9G tons, or 4846'8 lbs., the thrust per square foot of area in 
the screw’s disc will be 161’5 lbs. The actual pressure per square foot of area of the 
Fiji i«i. screw’s disc would very generally be more 

than this, since the unbalanced pressure on 
the pistons of the engine is under favourable 
circumstances more than 15 lbs. per square 
inch, as appears from Jig. 181, which is an 
indicator diagram taken from the engines of 
the “ Faon” during a trial of her speed on the 

27th of May, 1847. 

The whole of the power generated in the cylinders of a screw-vessel is expended in pro- 
ducing three distinct effects : first, in overcoming the friction of the engines and of the 
screw; second, in propelling the ve*sscl through the water; and, third, in giving motion to 
the water itself. Now, in any vessel to which a dynamometer has been applied, the amount 
of engine power consumed in producing each of these effects is easily determinable; for 
the difference between the theoretical thrust and the actual thrust of the screw shaft will 
represent the power consumed by friction ; and the difference between the theoretical 
advance and the actual advance, per revolution or per hour, will represent the power con- 
sumed in slip or in producing motion in the water. If a screw of a very fine pitch be 
employed in any vessel, the friction of the screw revolving in the water will be greatly 
increased ; but the power consumed in overcoming this friction will not, in such a case, be 
wholly lost, but will operate in reducing the slip by raising the surface of the water at the 
stem. The water adhering to the screw, or moved laterally by it, acquires a centrifugal 
motion, which naturally produces a bulge upon the surface ; and this elevation of the water 
will give rise to a current which, impinging on the back of the screw, must influence the 
apparent slip, so that the slip will operate in reducing the velocity of this current or in 
reversing its direction, according as the velocity of the current or the amount of the slip 
may preponderate. The motion caused by the vessel in her progress through the water, 
and the current produced, especially in full vessels, by the effort of tlie water to fill the 
space which the vessel leaves by her advance, will also act in diminishing the apparent slip ; 
but these influences will, in the same degree, increase the d 3 mamometer pressure or dimi- 
nish the speed, except when the vessel is aided by the action of the sails. In vessels, 
however, which employ sails, and at the same time arc propelled by a large screw of a 
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fine pitch, — which will give a large amount of thrust and at the same time communicate, 
by friction, a considerable amount of centrifugal velocity to the water, which can only 
expend itself by raising the water surface, — it is obvious that the apparent slip may be 
reduced so much as to become nothing, or less than nothing, and accordingly the slip is 
occasionally found to be negative, especially under the circumstances recited. In screws of 
a very fine pitch, the actual dynamometer pressure will fall more short of the theoretical 
dynamometer pressure than in screws of a coarse pitch, as a greater proportion of the 
engine power will be arrested by friction and by lateral or rotative slip. 

It will be obvious from these considerations, that the slip of a screw vessel is of two 
kinds. The first kind is that produced by the recession of the water in the direction of the 
vessel’s wake, and is the same as that which exists in paddle vessels ; the second kind is 
that caused by the arms of the screw passing in their rotation bodily through the water, 
instead of following that spiral track which, if they worked in a solid, they would be con- 
strained to observe. The first species of slip will increase with the diminution of the 
screw’s diameter ; the second species will increase with the reduction of the length of the 
screw, or with an increase in the pitch of the blades. The amount of slip that will be 
produced by the recession of the column of water in which the screw acts, can readily be 
determined when we know the volume of water acted upon each revolution and the amount 
of moving force ; for the slip will be equal to the motion which the force of the thrust 
acting during the time of one revolution would communicate to the number of pounds of 
water upon which the screw acts in one revolution. Taking, for example, an experiment 
made upon the “ Minx " on the 30th of June, 1848, of which the particulars are given at 
page 136., the pressure on each square foot of area of the screw’s disc will be found to be 
214 lbs., the speed of the vessel being 8'445 knots per hour, and the number of revolutions 
of the screw per minute 231-32. If a knot be taken to be 6075-6 feet, then the distance 
advanced by the vessel, when the speed is 8'445 knots, will be 3-7 feet per revolution ; and 
this advance will be made in about 0-26 of a second in time. Now the distance whicli a 
body will fall by gravity in -26 of a second is 1-087 feet, and a weight of 214 lbs. put into 
motion by a pressure of 214 lbs. would therefore acquire a velocity of 1-087 feet during the 
time one revolution of the screw is being performed. The weight to be moved, however, is 

3 - 7 cubic feet of water, or 231-25 lbs. ; so that the velocity of recession will be somewhat 
less than 1-087 feet per revolution, or about 1 foot per revolution. This added to the 
progress of the vessel will make the distance advanced by the screw through the water 

4 - 7 feet per revolution, leaving the difference between this and the pitch — namely, 
1-13 feet — to be accounted for on the supposition of lateral slip. The total amount of 
slip in this experiment was 36'53 per cent., of which about one half may be set down as 
due to the recession of the water in the line of the vessel’s track, and the rest as due to the 
lateral penetration of the screw blades. 

The amount of backward motion communicated to the water, and also the amount of 
lateral penetration of the screw blades, will be much affected by the amount of the screw's 
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immersion. The water, in whatever way it may be moved, escapes in the direction of 
least resistance, which is, to the surface ; and in proportion as the diflSculty of escaping in 
this direction is increased by adding to the height of the column which must first be 
moved, the amount of motion imparted to the water by a given amount of force will be 
diminished. The slip in the same vessel, and with the same screw, wilt be nearly the same, 
whether the whole or a part of the power is applied ; for although the thrust given by the 
screw is greater when the power is increased, the speed of the vessel, and consequently the 
volume of water acted upon by the screw in a given time, is greater also, so that the 
per centage of slip remains nearly the same. In vessels of a shallow draft, such as the 
“ Faon” or “ Fairy,” where the screw cannot have any considerable height of water above 
it, and its mean immersion is necessarily small, the slip is much larger in proportion than 
in vessels even of a worse form, which have deeper screws. In the “ Fairy ” the ratio of 
the immersed midship section to the area of the screw’s disc, is less than in the “ Rattler;” 
nevertheless, in the “ Fairy," the slip is upwards of 30 per cent., and in the “ Rattler" it is 
not much more than 10 per cent. The resistance of the two vessels, per square foot of 
immersed section, may be reckoned pretty nearly equal, at the same speed ; for the superior 
size of the “Rattler" is compensated by the superior sharpness of the “Fairy." If the 
screw shaft of the “ Fairy " were to be sunk to the same depth in the water os the screw 
shaft of the “ Rattler," her performance would be greatly amended, and a smaller screw, 
moreover, would then suffice. 

In the experiments upon the “ Pelican,” the results of which have been recapitulated at 
much length in the preceding chapter, the normal speed taken for purposes of comparison is 
a metre per second, or 1'94 knots per hour. The resistance of the vessel per square mitre 
of immersed midship section is estimated at 6 kilogrammes at this speed, which is equivalent 
to ] '22 lbs. per square foot. At a speed, therefore, of 9'7 knots, which is five times greater 
than the normal speed, the resistance per square foot will be increased nearly in the propor- 
tion of the square of 1 to the square of 5, or 25 times ; and 25 times l-22=30'5 lbs., which, 
according to this mode of estimation, would be the resistance of the vessel per square foot 
of immersed section at a speed of 9'7 knots per hour. It will be useful to compare this 
estimate with the results obtained in the “ Rattler” by the aid of a d 3 mamometer; and wo 
may take for the purpose of comparison the first trial made between the “ Rattler " and 
“ Alecto,” of which the main incidents are recorded at page 115. The immersed sectional 
area of the “ Rattler " at the time of trial was about 380 square feet, and the thrust of the 
shaft, as shown by the dynamometer, was 3 tons 17 cwt. 3 qrs. 14 lbs., or 8722 lbs., when the 
speed was 9'2 knots per hour. This is 23 lbs. per square foot of section, which is somewhat 
less than the resistance of the “ Pelican ” as estimated by Messrs. Bourgois and MoU. In a 
subsequent trial, recorded at page 116, the resistance of the “ Rattler" at a speed of 10 knots 
was found to be 25 lbs. per square foot of immersed section ; but in this trial the progress 
of the vessel was slightly aided by the wind, though no sails were set. 

The area of the four pistons of the “ Rattler” is 5058 square inches, and the length of 
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the stroke is 4 feet. On the occasion of the first trial with the “ Alecto,” the total tin* 
balanced pressure upon the pistons was 12’99 lbs.; the speed of the pistons was 190 feet per 
minute, the speed of the vessel 9-2 knots, and the slip 10-2 per cent., making the speed of 
the screw, supposing it to work in a solid, 10-22 knots. If, as before, we take a knot to be 
6075-6 feet, then the speed with which the screw would propel the vessel, supposing it to 
work in a solid, or, in other words, the advance of the screw, will be 62,092-632 feet per hour, 
or 1034-8605 feet per minute. Now the total unbalanced pressure upon the pistons is 
5058 X 12-99=65703-42 lbs., and this load is moved through 190 feet per minute, which is 
equivalent to 12,064-4 lbs. moved through 1034-8 feet per minute. This therefore represents 
a thrust upon the screw shall of 5-38 tons, whereas the actual thrust shown by the dyna- 
mometer is 3-9 tons, so that nearly one-fourth of the motive force was, in this experiment, 
expended in overcoming the friction of the engines and screw. Again, in the sequel to the 
third trial recorded at page 116, when the speed of the vessel was 10 knots the slip was 
11-2 per cent., making the speed or advance of the screw 11-12 knots per hour, or 
1124-3445 feet per minute. The unbalanced pressure on the pistons was 13-07 lbs. per 
square inch, making the total pressure urging the pistons 66,108 lbs. The speed of the 
pistons was 208 feet per minute, and 66,108 x208-f-1124-3445=12,229 lbs. or 5-46 tons, 
which would have been the pressure exhibited by the d 3 mamometer if there were no friction 
in the engines or screw. The actual dynamometer pressure was 4-21 tons, so that in this 
case also nearly one-fourth of the motive force was lost from the friction of the engines and 
the screw.* 

I have already stated that the results of the experiments made by Mr. Murray with 
the steamer “ Dwarf,” to determine the thrust exerted by the screw shaft with screws of 
different kinds, are not entitled to confidence, as there is a manifest fallacy in the dynamo- 
meter pressures recorded. A recapitulation of these experiments is given at page 138 ; and 
it will be useful to enter here into such an analysis of them as will prevent persons from 
being misled by Mr. Murray’s errors. Now it is quite clear that if we suppose the screw to 
work in a solid nut, and that both screw and engines work without friction, the amount of 
thrust exerted by the screw with any pven pressure upon the pistons will depend upon the 
relative speeds of the pistons and the screw ; or, in other words, it is a question of virtual 
velocities, as in a crane, screw press, or any other mechanical combination. With any given 
pressure on the pistons, therefore, and any given pitch of the screw, the thrust will be a 
certain determinate amount which I have termed the theoretical thrust of the screw, and 
the effect of friction will be to diminish the amount of this theoretical thrust, and can in no 
case be to increase it. In all screw vessels, therefore, the actual thrust must be less than 
the theoretical thrust ; but in the experiments upon the “ Dwarf” it is in many instances set 
down as greater, and as this is an impossible result, those experiments are clearly unworthy 
of acceptation. I have computed the theoretical thrust in the whole of these expriments, 

* Part of this diminution it due to lateral slip, but u the lateral alip maj be ezehanged for friction bf 
incretaing the length of the screw, it follows that the two elements are conrertible. 
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firom which, if some deduction be made for friction, such as I have found to be proper in 
other experiments, we shall arrive at an approximation to the actual thrust which must 
have been exerted. This computation is given in the following table : — 


ANALYSIS OP EXPERIMENTS MADE WITfl'aM. STEAMER “DWARF." 
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The area of the cylinders of the “ Dwarf” is 2513'2, which multiplied by 2'201bs., the 
pressure which would give the same amount of power if the engines were connected directly 
with the screw shaft, as 11 '36 lbs. will pve with intervening gearing of 5'16 to 1, gives as 
a result 2'47 tons, supposing that the screw advances through twice the length of the stroke, 
or 64 inches each revolution ; and this, on such a supposition, would be the theoretical thrust 
of the screw shaft in the first experiment. But the screw advances through 8 feet, or 96 
inches, in each revolution, and the thrust will consequently be reduced in the proportion of 
64 to 96, or it will become 1'64 tons. The immersed sectional area of the “ Dwarf” at a mean 
draught of 6 feet 5 inches is about 60 square feet ; and if we suppose the thrust to be re- 
duced one-fourth by the friction of the engines and screw, the resistance per square foot of 
immersed section will still be about 45'8 lbs. per square foot, being double the resistance 
per square foot of section in the “ Rattler,” though the speed is only about the same, or 
rather not so great. This result is confirmatory of the doctrine already laid down of the 
greater proportionate resistance of small vessels than of large. Small vessels have a larger 
proportionate amount of rubbing surface ; and in the case of vessels of similar form but of 
different dimensions, in order that the resistance per square foot of immersed section may 
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be the same, the speeds must vary as the square roots of any linear dimension, — the larger 
vessel having the largest speed. 

In the experiments with the “ Minx," recorded at page 136, we find that the results 
are such as to aflbrd corroboration to the preceding deductions. The area of tlie two 
cylinders of the “ Minx ” is 1815-84 square inches, the length of the double stroke of the 
piston is 5^ feet, and the multiple of the gearing 4. If we again take for comparison the 
experiment made on the 30th of June, 1848, with Smith’s screw of a uniform pitch, we find 
the pressure in the cylinders to be 11-891 lbs. per square inch, which gives 21,592-15 lbs. as 
the total pressure urging the pistons. This is equivalent to a motive force of 5398-4 lbs. 
acting immediately upon the screw shaft ; but as the length of the double stroke is 66 inches, 
and the pitch of the screw 70 inches, this pressure has to be further diminished in the pro- 
portion of 66 to 70, in order to give the theoretical thrust upon the screw shaft. Perform- 
ing the operation here indicated, we shall find the theoretical thrust of the screw shaft to be 
5089-5 lbs. or 2-27 tons; and if the deduction of one-fourth be made for friction, as in pre- 
rious cases, the actual thrust by this mode of estimation will be 3817 Iba or 1-70 tons. The 
actual thrust as indicated by the dynamometer during the experiment is 1-52 tons, so that 
the amount of friction, or of friction and lateral slip, is in this case somewhat more than 
one-fourth, as might have been anticipated from the much more rapid rotation of the screw 
than what answers to the progress of the vessel. In the “ Faon” and “ Fairy,” and also in 
the “ Dwarf,” the friction of the screw and engines I have no doubt consumes somewhat 
more than one-fourth of the power ; and the amount of the friction will increase in every 
case with the rapidity of the screw’s rotation. The area of the immersed section of the 
“ Minx ” at a mean draught of 5 feet 3 inches, which was the mean draught in the experi- 
ments we have been considering, is 83 square feet, which gives as the resistance per square 
foot of immersed section 46 lbs. if we estimate the actual thrust as three-fourths of the theo- 
retical thrust, and 41 lbs. if we take the thrust as actually exhibited by the dynamometer. 
The diameter of the screw being 4^ feet, the area of the disc is 15-9 square feet, and the thrust 
as exhibited by the dynamometer is 214 lbs. per square foot in the area of the screw’s disc. 

By a report addressed to the French minister of marine, it appears that in 226 voyages 
of the “Faon” between Dover and Calais, performed in 1847, 1848, and 1849, the mean 
speed realized during all weathers was 12-3 knots per hour. The mean of the maximum 
speeds of the several different months was 14-82 knots, and the mean of the minimum 
8[x-cds of the several different months was 8-76 knots. If the vessel had been furnished 
with paddle wheels, the maximum speed would have been at least as great, and the minimum 
speed would have been greater, and there would have also been a smaller consumption of 
fuel when the vessel had to encounter adverse winds. On a short voyage the large propor- 
tionate consumption of fuel in screw vessels when encountering adverse winds, is of little 
comparative importance ; but in the case of long voyages it is a vital question, and dis- 
qualifies screw vessels, I consider, at least as heretofore constructed, from carrying important 
mails to distant countries with advantage. Vessels employed upon such a service must be 
prepared to proceed at a considerable rate of speed against strong head winds if such occur. 
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and screw vessels will require to carry a larger reserve of , coal than paddle vessels, in the 
proportion of their larger consumption of coal per hour when a head-wind is encountered. 
The discovery of a remedy for this imperfection of screw vessels is probably the most im- 
portant problem connected with their improvement, and I shall here state in what way I 
consider the evil may be removed. 

When a screw is set into revolution in a stationary vessel, the screw acts in nearly the 
same manner as a centrifugal fan, and the water will be drawn in on both 
sides near the centre of the screw, and forced out at both sides near the 
circumference, and also all round the circumference, as in a centrifugal 
pump or any similar centrifugal apparatus. The water in fact will follow 
some such direction as is indicated by the arrows in Jig. 182, and at some 
such points as a a, the entering and emerging currents will balance one 
another, and the water will be stationary except in a radial direction. Xow, 
what is wanted to be done in order to bring the screw under the conditions 
which obtain when the vessel is under sail, is to pass a current of water 
through the screw ; and if we suppose a pump to be applied within the vessel 
which would force out a column of water of the same diameter as the screw 
itself, and at the same velocity as the usual progress of the vessel through the 
water, there would clearly be no more centrifugal action then produced by the screw when 
the vessel is stationary than is now usually produced when the vessel is under sail. Such 
a current, however, even if it could be conveniently created, would of itself occasion a large 
consumption of power ; and the main objects of endeavour must be to increase the difficulty 
of giving a centrifugal velocity to the water, and to make such provisions that any centrifugal 
velocity which the water receives shall be instrumental in the propulsion of the vessel. 
These objects will be best attained by sinking the screw deeply in the water, and by placing 
it much further forward in the deadwood than has been usual heretofore. It is obvious, if 
the screw be set deep in the water and also far forward in the deadwood, that it will require 
in the first place a very large velocity of rotation to overcome the inertia of the superincum- 
bent water ; and at the same time the water, if moved, as it will even then be to some extent, 
will, by its ascent upwards upon the inclined plane of the vessel’s run, force the vessel for- 
ward in the water with considerable force. Two screws are upon the whole, in my opinion, 
preferable to one. They enable the necessary propelling area to be got at a greater depth, 
so that a smaller area in the screw’s disc will suffice, and there will consequently be less 
friction caused by their revolution in the water. I consider that two screws, each of 5 feet 
diameter, will have about the same propelling efficacy as one screw of 10 feet diameter, 
although they have only half the area of disc, supposing the screws to be applied in each 
case at as great a depth as possible to vessels of the same draught. If, however, there is no 
impediment to the employment of vessels of a great draught of water, then one screw may 
be made very efficient, even though of small diameter, by constructing the vessel with a very 
deep dead wood, and placing the screw very far forward in it. Screw vessels constructed 
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upon this principle wiU be able, I believe, to contend with head winds as effectually as 
paddle vessels, or perhaps more effectually ; and I do not discern any practical impediment 
to the mode of construction here recommended. In the case of iron vessels, two screws may 
be very easily applied. The ends of the screw shafts may be effectually supported by pro- 
jecting bosses or frameworks of plate iron built on to the ship, and those frameworks will 
experienee very little resistance in passing through the water if they are made quite sharp 
before and behind, and are set at such an angle as to be in the line which the water naturally 
follows in entering the vessel’s run. 

In considering the amount of power necessary to be given to a screw vessel to propel 
her through the water with any given velocity, it is necessary first to settle the type of 
vessel, and next her size. When these points are determined it will be ea;^, by selecting 
from the tables of screw vessels given in the Appendix a vessel of the shape most nearly 
resembling that of the intended vessel, to tell the amount of power necessary to propel that 
vessel at any given speed, on the supposition that the two are of the same size. The co- 
efficient of performance of the vessel which the new vessel resembles, will be found by 
turning to the Appendix, page iii. ; and the number of horses power necessary to accomplish 
any different speed, either of this vessel or of the new vessel, may be ascertained by multi- 
plying the cube of the intended speed by the number of square feet of immersed section, 
and dividing by the co-efficient proper for this particular case. The result thus obtained, 
however, supposes that the new vessel is of the same size as the similar vessel ; but if she 
be smaller than the model vessel the speed will be less, and if she be larger the speed will be 
more in the proportion of the square roots of the length or some other linear dimension of 
the two vessels. If s be the speed of the vessel in knots, a the area of the immersed midship 
section in square feet, c a numerical co-efficient, varying with the form of vessel, and P the 

indicated horse power, then p = c = and s = By means of these equations, 

therefore, the power p necessary for the accomplishment of any prescribed speed, and the 
speed 8 which will be realized by the application of any given power, may be approximately 
determined. If the new speed be higher than the old, however, then the actual speed will 
be somewhat less than the theoretical speed us thus ascertained, since this rule proceeds 
upon the assumption that the resistance varies as the square of the speed, whereas in the 
case of vessels of a moderate sharpness, the resistance varies in a somewhat higher ratio 
than the square of the speed, os has already been explained at page 148. 

To illustrate the influence of size upon the resistance or speed of a vessel, I shall com- 
pare the performance of the “ Minx ” with that of the “ Rattler,” the two vessels being of 
about the same sharpness, but of a different size, and also a different proportionate 
immersion. The length of the “ Minx ” is 1.31 feet, and the extreme breadth is 22 feet 1 inch. 
The length of the “Rattler” is 176 feet 6 inehes, and the extreme breadth is 32 feet 
inches. The draught of water, however, in the “ Rattler ” is more than twice as great as 
the draught of water in the “ Minx,” so that the “ Minx ” has by much the largest amount 
of rubbing surface per square foot of immersed section. At a speed of 10 knots the 
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resistance of the “ Rattler " was found by the d 3 rnaraoraeter to be 25 lbs. per square foot of 
immersed section ; and at a speed of 8'445 knots the resistance of the “ Minx ” was found 
to be 41 lbs. per square foot of immersed section. If, therefore, the resistance be supposed 
to increase as the square of the velocity, the resistance per square foot of immersed section 
of the “ Minx ” would be about 71J lbs., at a speed of 10 knots. This is considerably more 
than the amount of resistance that would have been experienced if the vessels had been of 
precisely the same form. The immersed section of the “ Minx ” in the experiment to which 
the speed and dynamometer pressure given above refer, was 83 square feet ; and the square 
root of 83 is 9'1. The immersed section of the “ Rattler ” was about 380 square feet, the 
square root of which is 19 '4. Now in similar vessels the square root of the sectional area 
will vary in the same proportion os any other linear dimension, and the speed will therefore 
vary inversely as the square root of that dimension. But if the speed vary as the square 
root of a dimension, and the resistance vary as the square of the speed, the resistance will 
vary os that dimension. In similar vessels, therefore, the resistance will vary inversely as 
the square root of the sectional area, or as 19-4 to 9-1, or 2'13 to 1 in the case under con- 
sideration. The resistance, therefore, per square foot in the immersed section of the 
“ Minx ” would, according to this mode of computation, be 53'25 lbs., whereas it appears 
to be more nearly 71*5 lbs. It may hence be inferred that flat and shallow vessels are very 
diflicult to propel, and that the perimeter, or outline of the cross section in contact with 
the water, should be of the least possible length. 

I shall now consider what would be the speed that would be attained by a vessel 
of the same form as the “ Fairy,” and the same proportion of power to tonnage, but 
of 3 times the length, and consequently of 9 times the area of immersed section, 27 
times the capacity, and 9 times the power. The length of such a vessel would be 
434 feet, the breadth 63 feet 4J inches, the draught of water about 16J feet, the area of the 
immersed section about 729 square feet, and the power 1080 horses. Now, as the lengths of 
the “ Fairy ” and of the new vessel are in the proportion of 1 to 3, the speeds will be in 
proportion of the square root of 1 to the square root of 8, or, in other words, the speed of 
the large vessel will be 1'73 times greater than the speed of the small vessel. If^ therefore, 
the speed of the “ Fairy" be 13 knots, the speed of the new vessel will be 22-49 knots, 
although the proportion of power to sectional area is in both vessels precisely the same. 
If the speed of the “ Fairy " herself had to be increased to 22-49 knots, the power would 
have to be increased in the proportion of the cube of 13 to the cube of 22-49, or 5-2 times, 
which makes the power necessary to propel the “ Fairy” at that speed, 624 horses power. 
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CHAPTER vn. 

SCREW VESSELS WITH AOXlLIARr POWER. 

The application of the screw as a propelling instrument to aid the progress of sailing ships 
is, in my judgment, its most valuable application ; and if it be the fact, that vessels of this 
class are capable of carrying more cheaply, as well as more rapidly, than the ordinary class 
of sailing ships which are unprovided iTith auxiliary power, then the inference is inevitable, 
that the commerce of the world must henceforth be carried on by vessels of this description. 
It is certainly conceivable that, by the application of a certmn proportion of steam power 
to accelerate the progress of sailing ships, so many more voyages may be performed in a 
given time as to increase the returns in a larger proportion than the use of steam power 
increases the expenses ; and if it can be shown that this result is practically attained, then 
it follows that the vessels offering these advantages must supersede all others. It is not in 
calms alone that an auxiliary screw may be usefully employed ; but, in light beam winds, it 
will enable the sails to intercept a new current of wind by the advance it gives to the 
vessel ; and in strong winds it will, by its operation in virtually reducing the resistance of 
the hull, enable the vessel to use up the power of the wind more effectually, by preventing 
the rebound of the wind from the sails. An auxiliary screw, therefore, will not only operate 
in aiding the progress of the vessel to the extent of the velocity which it directly imparts, 
but it will further aid the progress of the vessel by enabling the sails to act with greater 
efficiency. A strong wind blowing agmnst the side of a house gives no motive power to that 
house ; and a strong wind blowing against the sails of a very slow sailing ship will impart very 
little motive power to that ship, but the wind will rebound from the surface of the sails with 
nearly its original velocity. The power imparted to a ship by the sails depends conjointly 
upon the amount of the pressure and the space through which the pressure acts in a given 
time ; and if the motion of the vessel be very slow, the power communicated wilt be very 
small, whatever the pressure of the wind may be. If, however, the vessel has been already 
put in motion by the action of a screw, the pressure of the wind must act through a con- 
siderable space in any interval of time ; and by the application of a screw, therefore, the 
efficacy of the sails will be increased in the proportion of the increased speed. It will 
follow, moreover, that the action of the sails will increase the efficacy of the screw ; for, as 
the speed of the vessel will be increased by the sails, the screw will act upon a larger 
volume of water per revolution, and the slip of the screw will be thereby reduced. If a 
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screw vessel be set to encounter a head wind, it follows that, as the diminished advance 
compels the screw to act for a longer time upon the same water, the inertia of the water is 
inadequate to prevent the rotation of the blades in the manner of a centrifugal fun ; and 
the thread which should be traced in the water being broken or stripjied, there is necessarily 
a large amount of slip. When tlie progress of the vessel, however, is aided by sails, this 
action is reversed, and the screw operates, under such circumstances, in a more efficient 
manner than if the assistance of sails were not employed. In most vessels, therefore, 
which are fitted with an auxiliary screw, the engines are kept constantly at work, whether 
there is an absence of wind or whether the wind is favourable or adverse ; for in strong 
favourable winds the screw enables the sails to extract more power from the wind, and in 
adverse winds the screw will enable the vessel to sail closer to the wind. Both of these 
cfiFects, however, are equally producible by increasing the size of the hull ; for an increase 
of the size of the hull has precisely the same operation, as applying an auxiliary screw, so 
long as the vessel is under sail. The combination of the two expedients, however, will have 
the best effect; and very large sailing vessels of a very sliarp build, and provided with u 
moderate amount of auxiliary power, will achieve as high a measure of sjieed as common 
paddle steamers of smaller dimensions, but of a far larger proportion of power to tonnage, 
under all circumstances, except when set to encounter head winds. It is quite possible, 
however, I consider, to construct sailing vessels which shall sail directly against the wind, 
and in time, no doubt, this improvement will be accomplished. Sailing vessels will then be 
able to perform their voyages without tucking, as is now done by paddle vessels of large 
power ; and, if furnished with a screw, the screw will then be able to work with much the 
same efficiency, whatever be the direction of the wind relatively with the vessel’s course. 

At the time of the first introduction of screw vessels, I drew up an estimate of the 
comparative expenses of conveying a given quantity of merchandise in paddle vessels of 
full power, and in screw vessels of auxiliary power, and I deduced from thence the con- 
clusion, tliat paddle vessels with a large proportion of power to tonnage must be abandoned 
in the coasting trade. The formation of coast lines of railways having had the cflect of 
withdrawing from those vessels many of the first-class passengers, and also those finer 
articles of merchandise for the conveyance of which high rates of speed are alone of 
imjiortance, it became clear that screw vessels maintaining a somewhat inferior speed, but 
capable of earning a profit at such low rates of freight as would not enable paddle vessels 
of full power to run at all, must be the only species of vessel that would be successful, and 
therefore the only species of vessel which could remain in use under the circumstances 
recited. The large increase of screw vessels since that time, and their gradual supercession 
of paddle vessels in the coasting trade, and in all other trades of a similar character, has 
confirmed the accuracy of these views ; and paddle vessels, except for river navigation or 
for other exceptional purposes, apjiear likely, before long, to become only matters of 
history. The following is the estimate of the comparative cost of carrying merchandise in 
paddle and screw vessels which 1 made at the time referred to ; and, notwithstanding the 
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improvements since introduced and the experience since acquired, I am not aware that it 
can be materially altered with advantage. 


COMPARATTVB EXPENSE OF CONVETING MERCHANDISE IN PADDLE VESSELS OF FULL POWER 
AND IN SCREW VESSELS OP ADXILIABY POWER. 


If a paddle vessel of 1000 tons burden and .350 horses power, and a screw vessel of 
300 tons, old measurement, and 50 horses power, be each set to perform a voyage of 500 
miles, then the paddle vessel will perform the voyage in about 45J hours, carrying 400 tons 
of cargo exclusive of her machinery and cools; and the screw vessel will perform the vo 3 ’age 
in about 62 hours, carrying 400 tons of cargo exclusive of her machinery and coals. Each 
vessel will be able to make one double trip weekly, or 104 single trips per annum. The 
first cost of the paddle vessel will bh about 40,000/. ; the first cost of the screw vessel will 
be about 10,000/. In the paddle vessel the wages and the scale of the expenses altogether 
will be larger than in the screw vessel, which will partake more of the nature of a coasting 
ship. The approximate expense of each class of vessel is given underneath : — 


Paddle Vessel. 





PfT Annum 

Per Tnp. 




£ 


Wear and tear 10 per cent, on 40,000/. - 

- 

- 

- 4000' 


Depreciation 5 per cent 

- 

• 

- 2000 


Insurance 5 per cent. 


. 

- 2000 

£ s, d. 

Interest 5 per cent - - - 

- 

- 

- 2000 

^96 3 0 




£ 10,000 J 





Per MooUi. 

Per Tri|>. 


Commander 25/. per month, and 6f. per day victualling • 

Two mates, first 7/. and second iL per month, and 3s. id. per day 
victualling 

Two quarter-masters 3/. per montli, and It. 6</. per day victualling - 
Ten seamen 2/. lOt. per month, and It. 6<L per day victualling 
Carpenter 51, per month, and It. 6d. per day victualling • 

Three apprentices IGt. per month each, and It. fid. per day victualling 
{Uevon firenum and trimmers 31 per month, and It. 6d. per day 
victualling . - - . . 

Two engineers, first 12/. per month, second 8/., and 3t. Gd. per day 
victualling . - . . . 


£ 

33 

22 

10 

46 

7 


4 
4 
0 
2 

8 14 


£ 

J-26 


- 56 2 0 


Wages and victualling per month 


- 28 16 0 
£212 10 0 


11 


d. 

0 
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Screw Vessel. 


Wear and tear 10 per cent on 10,000/. - 

Depreciation 5 per cent 

Insurance 5 |>er cenL 

Interest 6 per cenU - - - 


Per Anuura. Per Trip. 
£ 


. 

. 

. looo' 



- 

- 

- 500 



- 

• 

• 500 

£ 

t. d. 

- 

- 

- 500 

24 

0 9i 


Captain 16/. per month, and 5s. per day victualling 
Mate il per month, and 3s. 6it per day victualling 
Six seamen 2L 10s. per month, and Is. 6d. per day victualling 
One apprentice 16s. per month, and Is. 6i/. per day victualling 
One engineer 8/. per month, and 3s. 64. per day victualling 
Three firemen and coal trimmers 3/. per month, and Is. 64. per day 
victualling 


Wages and victualling per month 



£2500 

Par Month. 

£ 

s. 

4. 

23 

0 

O' 

8 

18 

6 

27 

12 

0 

2 

18 

0 

12 

18 

6 

15 

6 

0 

190 

13 

0 


Per Trip. 


£ s. 
l-ll 6 


Summary of Expenses. 


PADDLE VESSEL. 

W car and tear, depreciation, &c. 
Wag 65 and victualling 
Coal, 60 tons at 15<. - 
Oil and tallow 

Port charges, light dues, &c. • 
Sundry ship's stores - 


iVrTrip. 
£ I, d. 

- 96 3 0 

- 26 11 3 

- 45 0 0 

- 5 0 0 

- 19 0 0 

- 7 0 0 


9CSSW VESSEL. 

Wear and tear, depreciation, Stc. 
Wages and victualling 
Coal, 15 tons at 15s. 

Oil and tallow 

Port charges, light dues, &c. 

Sundry ship’s stores • 


Per Trip. 

£ s. 4. 

- 24 U 91 

- 11 6 9 

- 11 5 0 

- 1 0 0 

- 8 0 0 

- 5 0 0 


Expense per trip of paddle vessel £198 14 3 


Expense per trip of screw vessel £60 12 6 


Thus it appears that it will cost 198/. 14s. 3d. to transiKirt 400 Ions of merchandise 
through a distance of 500 miles with a full-powered paddle vessel, and that it will cost only 
60/. 12s. 6J</. to transport the same merchandise through the same distance with a screw 
vessel of auxiliary power. The average speed of the paddle vessel would-be II miles per 
hour, and the average speed of the screw vessel would be 8 miles per hour. 

The working expenses of the paddle vessel given in the foregoing estimate, were verified 
by a comparison with the working expenses of paddle vessels of a similar size belonging to 
the Peninsular and Oriental Steam Company, taking of course into account the difference 
in the price of coals and other analogous circumstances. The expenses of the screw vessel 
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were not tested in a similar way by a comparison with a practical example, as, at the time 
the estimate was made, there was no practical example of a similar eharacter available for 
the purpose. Within the last year, however, two serew vessels of a similar description to 
that which the estimate supposes, have been set upon a coasting line of 500 miles in length; 
and the following are the facts of their dimensions and performance, and of the cost of their 
maintenance and construction: — 

The vessels are each about 424 tons old measurement, and 100 horses power. They 
each cost about 8000/. and are capable of canying about 400 tons of cargo at a speed of 
about 9 knots an hour, and have repeatedly performed the voyage in 52 hours. The two 
vessels maintain a weekly' communication ; tlierefore each vessel makes a trip one way per 
week, but, if required, could make a trip both ways, or a complete voyage per week. Sup- 
posing a vessel to make a complete voyage per week, the expenses will be as follows : — 


Wages. 

The Crev fiiMting their ovn 


Captain 



I’«r Viiy.gr. 

£ s. d. 

3 3 0 

Mate - 

- 

- 

2 

2 

0 

Second mate 

- 

- 

1 

10 

0 

Carpenter 

- 

- 

1 

5 

0 

Cook - 

- 

- 

1 

5 

0 

2 quartermaeters 

- 

2 

7 

0 

4 acamen 

- 

- 

4 

4 

0 

2 boys - 

- 

- 

0 

16 

0 

1st engineer 

- 

- 

3 

3 

0 

2nd engineer 

- 

- 

2 

2 

0 

4 stokers 

- 

- 

4 

4 

0 

1 cool trimmer 

- 

- 

1 

3 

6 


£27 4 6 


SCNDRIES. 


Per Voyage. 
£ I. d. 


Light dnc8 

- 6 

1 

1 

Port charges 

- 2 

0 

0 

Pilotage 

- 3 

2 

0 

Waterman 

- 0 

12 

6 

Cleaning flues - 

- 0 

5 

0 

Taking away ashes 

- 0 

5 

0 

Water - 

- 0 

7 

6 

Engine-room stores 

- 6 

0 

0 

Coals - 

- 35 

0 

0 


£53 

16 

0 


Capital Aocouht. 

Per Aonoin. Par Voyage. 


Wear and tear 10 per cent. 

- 800- 


Depreciation 5 per cent. 

- 400 

£ s. d. 

Insurance 5 per cent. 

- 400 

38 9 2| 

Interest 6 per cent. - 

- 400. 


SUMMAET OF EXPENSES. 



Per VoyegA 

P«r Trip. 


£ s. d. 

£ t. d. 

Wages 

- 27 4 6 

13 12 3 

Sundries • 

- 53 16 0 

26 18 0 

Wear and tear, &c. 

- 38 9 2f 

19 4 7| 


Total - £119 y 8} £59 14 lOJ 
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Thus it appears that the expense of carrying 400 tons of cargo through 500 miles is 
59/. 14s. 10^.* instead of 60/. 12s. 6J</., which was my original estimate, and a somewhat 
higher rate of speed than I reckoned is also maintained. Now, if it be the fact that screw 
vessels can carry 400 tons through a distance of 500 miles at an expense of about 60/., they 
can carry 400 tons through 1 mile for 28‘8 pence, and 1 ton through 1 mile for 0-07 of a 
penny, or less than one-tenth of a penny per ton per mile. This is a far lower charge than 
railways can possibly carry at, and there does not, therefore, appear to be the smallest pro- 
babibty that railways will supersede coasting vessels in the conveyance of heavy articles of 
merchandize. On railways a penny a ton per giilc is reckoned a low charge ; but on lines 
500 miles in length screw vessels can carry without loss for one-tenth of that amount. 

The screw vessels, of which the particulars ore above recorded, have been introduced 
in substitution of a line of sailing ships, by which a weekly communication between the 
same termini had previously been maintained. A comparison of the cost of convev'ing a 
given quantity of merchandize, therefore, by each class of vessel, will enable a tolerably just 
estimate to be formed of the comparative expense of conveying merchandize generally in 
screw and sailing vessels of the same proportionate size. The sailing vessels were of about 
150 tons burden old measurement, but would each carry about 250 tons of cargo. It re- 
quired five of them to maintain a weekly sailing, and the average duration of the voyage 
was 35 days. The cost of such vessels would be about 12/. j)er ton at the present time, 
though these particular vessels cost considerably more than that amount, and the total cost, 
therefore, of the five vessels would at this rate be 9000/. This is more than the cost of one 
of the screw steamers, which has been shown to be capable of performing the same number 
of voyages in the year os the five sailing vessels. The expenses of each of the sailing 
vessels per voyage was as follows : — 


Wages. Sundbiee 



£ 

<• 

i 


£ 

s. 

d. 

1 captiun 

- 8 

0 

0 

Victualling 13 men at 1«. 2d, 26 

10 

10 

1 mate 

- 5 

5 

0 

Pilotage and stores - 

- 2 

IS 

0 

1 carpenter 

- 5 

0 

0 

Pilotage and towage 

- 4 

0 

0 

1 cook - 

. 4 

10 

0 

Light and port dues 

- 5 

14 

2 

1 second mate - 

- 4 

5 

0 


— 

— 

— 

4 seamen 

- 16 

0 

0 


£39 

0 

0 

4 apprentices - 

- 3 

0 

0 






£46 

0 

0 






* 'rhis ts independent of the cost of loading and unlonding. whieh will be sbont 6d. per ton in sad 6d, per ton 
ant, or Is. per ton in and out. 
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Capital Account. 


Wear and tear 10 per cent. 
Depreciation 5 per cent 
Insurance 5 per cent 
Interest 5 per cent. - 


IVr Aoniun. Per \ojtgt. 
£ 

- 900- 

- 450 £ ,. d. 

- 430 43 3 5^ 

- 450 J 


SuMMABT OP Expenses. 

Per Voyagt, 

£ $. d. 

Wages - - - 46 0 0 

Sundries - - - 39 0 O 

Wear and tear, &c. - - 43 3 5J 


P.r Trip. 

£ t. d. 
23 0 0 
19 10 0 
21 11 8j 


£128 3 Sj 


£64 1 8} 


The expenses, therefore, |)er voyage of one of the sailing vessels is actually greater than 
the expenses per voyage of one of the screw steamers. But the sailing vessel only carries 
2.50 tons, whereas the screw steamer carries 400 tons, which will further reduce the cost of 
conveyance per ton by the screw steamer. The screw steamer, however, ttnll occasionally 
require to be laid up for repairs, whereas the five sailing vesseb were sufiScient to maintain 
the weekly communication without interruption. The screw steamer will also be more 
liable perhaps to accidents from collision, or at least such accidents will be more serious 
when they do occur. Taking all these circumstances, however, into account, it seems 
tolerably certain that screw vessels of the class described, will be able to convey mer- 
chandize at one-third less expense than sailing ships of the class described, and they will 
also carry it in a shorter time. The insurance upon sailing ships ought to be somewhat 
greater than upon screw steamers, but I have taken it at the same amount, namely, five per 
cent. Six per cent, is the insurance usually charged by underwriters ; but any company 
or individual with a number of vessels, and insuring them himself, would be able to cover 
the risk by a charge on the capital of 5 per cent. 

The foregoing estimate of the comparative expense of screw steamers and sailing ships, 
obtains corroboration from the results of Mr. Loming’s experience of the trade between 
London and Kotterdam, as given in his evidence before a committee of the House of Lords 
on the African slave trade, in 1850. After the communication between the two ports men- 
tioned had been maintained for a number of years by sailing ships, screw steam vessels with 
a moderate amount of power were introduced in substitution of them ; and Mr. Laming 
states, that whereas with the sailing ships the expense incurred per ton burden throughout 
the voyage had been 11. 12s. h\d,, in the case of the screw vessels the expense incurred per 
ton burden was only 19s. 6</. The details of Mr. Laming’s statement are as follows: — 
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SATLINO SHIPS. 


tM(, CMC M tM. par MO. tfwi 


Clpkat AcTDOTt. 

lotcrect, 5 |»vr cent. ' 

I lotaruicr. 6 p<?r cvot 
I Rrpains 4 p»r cent- • 

' Dvprecbiina, 8 per ceet 


j 

First royafe 
Sccoad vovag^ 
Third voyafsv 
Fourth voyage 
' Fifth voyage 


£ •. 

136 U 
163 4 

136 0 

217 12 

l/ut IS u 


Pnf Voroe*. 

» Vof«Cr* 

At-ttmm. 


N6 ToH MW ■MOMfi'tn.oi, COM U 
W- per too, »rW. 


Actual eoil par Kftnt* coat 

Vof^. pw 


£ «. 

191 16 

136 17 10 

123 10 9 

126 12 6 

0 6 


169 


d. 


^134 7 4] 


£ 

146 

173 

146 

233 


Par Vnyajr. 
» Vo;-a.t» pn 

AotiuiB. 


I3S Toni now nnowimnant, <t>it a 
M. per MB. V«u/. 


a. 


Atoram cmi 
par Vofaae 


£ >. 

154 8 

US 0 
138 16 11 V/U7 0 9| 

134 18 

156 17 7J 


P»T Armul*. 
£ M. J. 
123 
150 
123 
2LHJ 


P»» Vnyapa. 
9 V«w«(fW iw 
AlMIUOI. 


M. d. 

0 O'! 

O 0 I 

0 0 j 

0 oj 


Ac im) coit 
par Voyafft. 



SCREW STEAMERS. 


CITV OF LOyi>ON. 

CITY OF aOTTl'tlDAlC. 

I6fi Ton* Doar BfauwinaBA ami M koron po««r, eett SDOQf. 

IM Tom mb oaaBiBtaatat ami so berm pe««r, cou M0<U. 

Capital Aaoewnt. 

[aterett, 5 per cent 
Iniunuier. 6 per cent. • 
Repairs, 5 per cent • 
UepreeialioD, 3 per cent > 

Far Voyafv, 
•« Voyacot par 
Pat Anmmi. AaiiuiB. 

£ s. d. 

400 0 O') 

480 0 0 H tx 

400 0 0 ^ ^ 

400 0 oJ 

* Capital Aeeount. 

Interest, 5 per cent. 
Insurance, 6 per ci-iii. - 
Repairs, 3 per cent. 
Depreciation, 5 per cent. 

IVr V^tiae.*. I 

M Vw|apr» par 

Far AM«n. Aanum i 

£ M. d. 

400 0 o'! 

480 0 ul ^ 5 ^ 

400 0 0 f ® ^ 

400 0 0 J 

Com of Borlilne. 

Actual coat 
prr Voyas«. 

ATtraMceal 
par > ayapt. 

Cmt af BOTklnf . 

Actual reit [ ArcraMcoit 

per Vo) afa. | |iar > .ryafc. 

First voyage 
Second voyage 
Third voyage 
Fourth voyage 
Fifth voyage 
Sixth voyage 
Seventh voyage 
Eighth voyage 
Ninth voyage 
Tenth voyage 

£ A. ft 

107 14 10' 

too 1 0 

103 16 3 

104 3 0 

100 U 0 

99 0 0 

119 12 0 

Ml 3 6 

118 8 3 

120 3 3 

^118 6 2( 

First voyage 
Second voyage 
1'bird voyage 
Fourth voyage 
Fifth voyage 
Sixth voyage 
Seventh voyage 
F.ighth voyage 
Ntncb voyage 
Tenth voyage 

£ 9- ft. 

99 14 t*'] 

103 12 3 

139 17 2 

104 13 6 

122 16 

123 3 0 

119 7 11 

91 1 8 

113 3 4 

149 3 3j 
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COST PEB TON PER VOTAGE. 



SAILING SHIPS. ^ SCREW STEAMERR 

l' 

LoMoo. 

Alknuar. 

Ho»*. 

Cily at Lottdoa. 

Ctty at HotUfAuB. 

C«|HUd accouoi - • , - 

Coit of workuig . . - 

Total cofl per too, per rofage - 

t d. 

0 10 8 

1 2 8 

1 d. 

0 10 8 

1 0 

£ s. d. 

0 10 s 

1 2 7} 

£ M. ll. 

0 4 10} 

0 14 4] 

£ a. d. 
0 4 101 

0 14 lOj 

1 18 ^ 

1 10 9i 

1 IS 3] 

0 19 31 j 0 19 8) 

Arers^ of taUiog ahlps - - • /I 12 5^ 

Arerage of screw MeamvrB fo 19 6 


The “ City of London ” and “ City of Rotterdam " are vessels of the same size and 
power. Their principal dimensions are as follows : — Length between perpendiculars, 
110 feet 6 inches; length on deck, 112 feet; length over all, 124 feet 6 inches; length of 
engine-room, 12 feet 6 inches ; breadth inside of wale, 23 feet 2 inches ; depth from top of 
keel to underside of deck, 11 feet 9 inches; burden in tons, builder's measurement, 27.5^^. 
The vessels were built by Jlcssrs. Ditchbum and Mare, of Blackwall, and the average speed 
of the first six runs was 8'128 nautical miles per hour. The wear and tear is, 1 consider, 
taken by Mr. Laming in his estimate at somewhat too small an amount, but upon the whole 
his experience confirms the view, that screw vessels are capable of carrying merchandize at 
about one-third less expense than sailing vessels of the same carrying capacity, and at an 
increased rate of speed. The average speed realized by the “ City of London ” in perform- 
ing voyages of the aggregate length of 13,327 nautical miles was 8 knots ; the highest speed 
under canvas and steam was 10 knots, and the speed under steam alone was 7 '5 knots. The 
average speed realized by the “ City of Rotterdam ” in perfonning voyages to the extent 
of 15,450 nautical miles was 8 knots; the highest speed under canvas and steam was 
10 knots, and the speed under steam alone was 7‘5 knots. In the “ Lord John Russell" and 
“ Sir Robert Peel,” two similar vessels, but of somewhat larger size, the tonnage, builder's 
measurement, being 327^^, the speed attained was somewhat greater. The average speed 
realized by these vessels in performing voyages to the extent of 53,685 nautical miles was 
8'5 knots ; the highest speed under canvas and steam was 10 5 knots, and the speed under 
steam alone 8 knots. In the “ Earl of Auckland,” a screw vessel of about 450 tons and 
60 horses power, the highest speed under steam and canvas was 12 knots, and the speed 
under steam alone 9 knots. The average speed attained by the screw steamers “ Bosphorus,” 
“ Hellespont,” and “ Propontis,” on the line between London and Constantinople, is exhibited 
in the subjoined table. These vessels ore of about 530 tons, builder's measurement, and 80 
horses power. They arc able to carry 360 tons of cargo and 120 tons of coals, which is 
equal to 12 days’ consumption. The greatest speed made under steam and sails diflfered 
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little from the Greatest speed under sails alone, with the screw disconnected from the engine, 
and revolving freely in the water. This result necessarily ensues from the rapid increase 
in the resistance at high sjK'eds; for at such speeds as 10 or 11 knots, all the additional 
tlirust which a screw driven by 80 horses power could give would be insufficient to add 
materially to the s|)ecd. 


SCREW STEAMERS BETWEEN LONDON AND CONSTANTINOPLE. 


, 

1 

Tiaif on pasMirv . • • 

Tlv* la port • > • - 

ia haou • • • 

dorMlon «< wyag* ■ 

BO»PHOIlVS. 

HELLEiiPOST. 

PBOPOSTIS. 

frirsi First 

out. 1 bom*. 

ftfrond Breond 
OlM. 1 

Third 

Ml. 

Tltlrd 

Wafa 

iMniB. 

Pint 

vajrac* 

WBt. 

Flrtt 

tavRie. 

Si>ru«>d finoMd 
rotaga 

Mt. 1 bewe. 

rUsi Urn 

vai-afe , 
out. bwe 

il. bri.n.d. bra. IB. d. tan. in. d. lira. a. 
id ]5 aoift II Mils 4 4 4) 

1 14 aulo u ao 1 11 017 10 o 

*«> 1 s-w t-ftl 1 

d. fan. fli, 
aj fi 0 

1 » e 

ij. fan. D. 
SI 5 » 
II 17 

««7 

d. Iir«. m. 
i« ao 
a lb ao 

7-tl 

d. tan. m 
lit 3i« 

la 10 i> 

T« 

d. hra n.U brt. in 
14 90 .Mi ll 4 ao 

I II till 90 0 

9 40 «a 

d fart. ID. 4 fan. m.' 
14 19 tS IX 9» 

9 91 ai’ll 19 *1 

B-tt. ] Bxa 

day*, tara. 

44 17 0 

dan bn. Kfa. 

fib * ao 

data tan. aria. 
14 0 

dan hr», min. 

M 4 ao 

Anf$ bra. mlo. 
4!> B 90 

day* tart- vin 
«» 1 4> 


The mean speed exhibited during these voyages is 7'39 knots, and they were performed 
during the winter months. 

On referring to the log-books of several other screw vessels of recent construction, 
I find that the average efficiency maintained is fully equal to the foregoing. Thus, in a 
voyage of the “Arno” from Liverpool to Genoa, commencing September 1. 18.31, 1 find 
the average speed between Liverpool and Gibraltar to be about 9 knots by the log, with 
but little aid from the wind. When the vessel, however, proceeded on her voyage from 
Gibraltar to Genoa, and encountered a heavy head sea, the sjieed fell to 6 knots, but as an 
inconvenient quantity of water came upon deck, the engines were somewhat reduced in 
power by partially shutting off the steam, and the speed of the vessel then declined to 
5 knots. In a voyage of the “ Frankfort” from Livcqiool to Palermo, commencing about 
the same time, — namely, on the IGth of September, 1851, — I find that the average speed 
attained, by the log, between Liverpool and Gibraltar, was 10 knots. Between Gibraltar 
and Genoa, there being very little wind, the speed was 9 knots throughout. The same 
speed was maintained on to Naples and Palermo. On the return voyage, the speed varied 
between 8^ and 11 knots, according to the force and direction of the tvind, until the vessel 
passed Gibraltar and entered the Bay of Biscay, when she encountered such strong head 
winds, and such a heavy head sea, that her speed was reduced to 4 knots. The engines, 
nevertheless, at this low speed of the vessel, continued to maintain nearly their former speed. 
When the speed of the vessel was 10 knots, the usual speed of the engines was about 
50 revolutions per minute; and when, owing to the strength of the opposing winds, the 
speed of the vessel was reduced to 4 knots, the engine was only reduced to 46 revolutions 
per minute. The slip of the screw, and consequently the waste of power, was verj' great 
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when the vessel was placed in the circumstances recited ; and the captain, finding this to 
be so, very properly tacked his vessel, whereby her speed through the water was increased 
to 7 knots, and a more eflfective action of the screw was consequently obtained. I believe 
that the “ Frankfort ” will be even less able than ordinary screw vessels to contend advan- 
tageously with a strong head wind, in consequence of the screw being situated behind the 
rudder, so that the volume of water raised upwards by the screw from its centrifugal action, 
when the speed of the vessel is arrested, will have less effect in forcing forward the vessel 
in the water. 1 believe that a revolving arm of any kind, if placed far forward in the 
dead-wood, would propel a vessel, even though it imparted no thrust to the shaft at all, for 
it would lift the water up the inclined plane of the vessel’s run, and thereby compel the 
vessel to move forward with great force. By this disposition of the screw, it appears to 
me that a great increase in its efficiency may be accomplished, and 1 believe that it would 
then form a more effectual propeller than the paddle, under all circumstances whatever. 
For, in proportion as the speed of the vessel was diminished, the centrifugal action of the 
screw would be increa.sed, and a higher column of water would be raised against the 
inclined plane of the run to force the vessel forward in the water. The impelling area 
would no longer be the mere disc of the screw, but it would bo the whole immersed 
sectional area of the vessel ; and the pressure on this area would increase in precisely the 
same proportion os the necessity for it, or, in other words, it would increase in the same 
proportion as the resistance of the vessel. To enable this effect, however, to be produced 
in the most advantageous manner, it is clearly indispensable that the screw shall be plaecd 
very far forward in the dead-wood, or rather at the commencement of the vessel’s run ; 
since, if it be placed at the stern, nearly the whole force of the rising current, or, so to 
speak, tlie gravitation upwards of the water will be lost, as in all existing screw vessels is 
the case. 

It will be obvious, from the general tenor of the preceding remarks, that screw vessels 
with auxiliary power afford the cheapest means of transport yet known, while, at the same 
time, they maintain a higher and more uniform rate of speed than sailing vessels. The 
whole of these advantages, however, must not be set down to the single innovation of the 
introduction of steam power, for much of it arises from the superior sharpness of the screw 
vessels, and also from their superior size to that of the vessels which they supplanted. To 
secure the largest measure of efficiency in screw vessels intended for the conveyance of 
cargo, they should be both very sharp and very large, and the screw should be set deep 
in the water and far forward in the run. They should also be broad at the water line, so 
as to give them sufficient stability to carry a large proportion of sail, and the rigging 
should be of such a character that it may bo disposed so as to offer little resistance. If it 
be judged proper to set the vessel head to wind. The sails also should be laced to the 
spars, so as to be very flat when set, whereby the vessel would be able to go closer to the 
wind ; and if there were holes in them, or if the sails were to be made in the manner of a 
Venetian blind, so as to let the svind pass through, I believe that the power of the vessel to 
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go close to the wind would be increased. The wind impinging upon a sail, being rcOected 
from it at the angle of impact, must necessarily counteract, to some extent, the force of 
the succeeding stratum of wind with which it comes in contact, or change it from its pro(>er 
course ; and when a vessel is going close to the wind therefore, the aftermost part of the 
sail is of very little use, as, before the wind reaches it, it has, from the contact of the 
reflected wind, assumed the direction of the surface of the sail itself. A succession of 
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narrow sails, however, if set as in fg. 183., would be free from this disadvantage, and 
vessels fitted with sails on this principle would be able to go closer to the wind than if 
fitted in the ordinary manner. The smallness of a vessel’s bow resistance relatively with 
the largeness of her lateral resistance, the absence of resistance from rigging or upper 
works, the flatness of the sails, and the freedom with which the wind can escape from the 
surface after impact, will determine the closeness with which the vessel can sail to the wind. 
It is found by experience, that the locomotive efficacy of the sails of a ship is increased 
by giving an elasticity to the rigging ; and it would be desirable to make the mode of 
rigging such as to give this elasticity in an efficient and systematic manner. When the 
force of the wind is momentarily varying, as it generally is, it will follow that, since the 
velocity of the ship cannot vary in the same proportion, the wind, at the higher velocity, 
will be more reflected from the sails. But if the rigging have a certain measure of elasticity, 
the sails will be forced forward, at the higher velocity, to a greater extent than the ship 
herself, whereby there will be less rebound of the wind from the sails, and a greater pro- 
portion of its power will be utilised in propulsion. The recoil of the masts, when the force 
of the wind abates, maintains the forward pressure upon the ship at that time ; and there 
is consequently a greater uniformity of propelling pressure, when elasticity is given to the 
rigging, and also a better result as regards the speed of the ship. 

The comparative advantages of wood and iron as a material for building ships has, 
of late years, been debated with much intelligence and zeal. Both materials have their 
advantages, and both have their partizans ; but, upon the whole, iron ships are certainly 
viewed with increasing favour, and it appears to me certain that, for most purjHises of 
commercial intercommunication, they must supersede all others. Their main disadvantages 
are, that they get foul on the bottom much more speedily than wooden ships, that they 
vitiate the action of the compass, that they are too warm in hot climates and too cold in 
cold climates, and that, in latitudes where there is a great difference of temperature 
between the day and night, the saturation of the air in the hold with moisture during the 
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day, and the rapid transmission of the heat through the iron at night, causes a dew to form 
on the interior of the vessel, which may trickle down like the moisture on the interior of 
windows in crowded rooms, whereby the cargo may be damaged. In some cases, moreover, 
there is a good deal of internal corrosion in iron ships ; and tliis takes place especially 
beneath the hatchways, from occasional showers of rain when the cargo is being taken out, 
and in the bilge from the action of the bilge water. The attrition caused, moreover, by bits 
of coal and clinker in the bilge, sometimes by degrees wears considerably the rivet heads; 
and in vessels carrying cattle in the hold, a good deal of internal corrosion is occasioned by 
the condensation of the moisture caused by the cattle’s breath. On the other hand, wooden 
vessels are more subject to rapid decay than iron vessels, especially if the dry rot should 
happen to get into them ; and, even apart from this accident, they are more expensive to 
keep in repair. They arc also more subject to the ravages of insects, arc more liable to 
injury from getting aground, and have other disadvantages which it is needless to enumerate 
more in detail ; for the increasing dearth of timber, and the increasing cheapness of iron, from 
the successive improvements in its manufacture, are causes sufficient of themselves to compel 
the use of iron vessels in substitution of wooden ones, even if there were a greater disparity 
than there is in their respective merits. For all purjioses of river navigation, for coasting 
voyages — especially if the vessels have to lie aground in tidal harbours, — for all purjoses 
of communication in temperate climates where the growth of sea weeds and barnacles is not 
inordinately rapid, and for all purposes of communication, even in tropical climates, where 
the vessels can enter a river at one end of the voyage, or can get the bottom scrajied with- 
out inconvenience, iron vessels are unquestionably the best adapted, and must, I consider, 
gradually supersede wooden vessels, wherever they may be employed in such sendees. As, 
however, I have fully recorded my opinions ujxm the comparative merits of wooden and 
iron ships, in the Appendix, I need not dwell here in much detail upon the subject. All 
vessels, whether of wood or iron, have heretofore been constructed most unscientifically, 
ns nearly the whole strength has been given to the bottom and sides, and very little to the 
deck ; whereas a ship should be regarded us a long hollow beam, which ought to be capable 
of being loaded in the middle with impunity while supported at the ends, or loaded at the 
ends when supiwrted in the middle. To enable a beam to endure such a strain with the 
least weight of materials, it is obvious that the strength should be concentrated chiefly at 
the top and bottom; and if we apply this rule to a ship, the deck should be as strong, or 
nearly so, as the bottom. So far is this rule from being observed, however, that the decks 
of a ship arc, comiairatively with the bottom, very thin and weak; and the planking, instead 
of being cogged or bolted, is only nailed to the beams. In paddle steamers, moreover, the 
deck is nearly cut across in the centre of the vessel to permit the revolution of the cranks, 
and in ships of every class it is greatly weakened by holes and hatchways. In fact, the 
deck is more regarded as a flooring to walk upon, or a roof to keep out the water, than as 
an integral part of the ship, upon which the longitudinal strength in a great measure 
de}x:nds ; and the result is, that ships are much heavier and much weaker than it is ncces- 
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SMiry they should be. I would propose to construct iron ships ivith an iron deck, so as to 
convert the ship into a tube closed at the ends, and I would put a frame only to every beam, 
and join beam and frame together, so as to fonn a hoop that would go round the interior 
Fig_ of the vessel, os shown in Jig. 184. The skin of the vessel, I would 

a propose, should follow the outline of the frame, so that on each edge 
of the deck beneath the bulwark, there would be an angular space to 
make up, whieh, in wooden vessels, I would form of solid timber, and 
in iron vessels, of a triangular pipe of plate iron, so built as to form 
continuations of the sides and deck, and extending from the centre 
towards each end of the ship. Even in wooden vessels, I would propose to form the ribs 
of iron, the same in every respect as those I have suggested for iron ships ; and the only 
difference between the two kinds of vessels would be, — that in one case the vessel ivould be 
plated with iron, and in the other case w'ith wood. The wooden plating or planking I would 
propose to form of one thickness of Malabar teak, secured to the iron ribs by rivetted bolts, 
which would be copper below the water-line and iron above it ; and this planking would be 
continued upon the deck as upon the sides and bottom, — the deck, sides, and bottom 
forming, in fact, a continuous surface. Wherever the deck has to be perforated, it shouM 
be strengthened round the hole by iron coomiugs, of such a construction as to make up fully 
for the strength abstracted. To bind the planks together edgeways, and to prevent the 
longitudinal strain from coming upon the bolts, I would propose to run 
a waving groove upon the edges of each plank, as shown in Jig. 185., 
and to insert in this groove a corrugated feather of zinked iron. This 
groove could easily be run by a proper machine devoted to that purjMjse ; and the intro- 
duction of the metallic feather, which should be put in with white lead, and driven in very 
tight, would add to the tightness of the vessel, and would not in any way interfere with the 
pro[»er caulking of the seam. It will be obvious that, by the use of feathers of this kind, 
the planks will be incapable of moving endways upon one another, and the vessel will, in 
fact, resemble a solid piece of wood which has been hollowed out. Wooden vessels con- 
structed in this manner would be cheaper than common wooden vessels ; they would also 
be stronger, lighter, and more durable, and would, in fact, be superior to common vessels 
in every respect. 
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CHAPTER VIII. 

SCREW STEAM VESSELS ON CANALS. 

The propulsion of vessels upon canals was one of the earliest applications of the Screw 
Propeller ; but this particular application of the screw has not come into extended use in 
this countrj’, though in America, and also in some parts of the Continent of Europe, it has 
been pretty widely adopted. Upon the whole, however, 1 do not consider screw propulsion 
on canals to be so eligible as some other modes of propulsion which could readily be intro- 
duced ; and I do not believe, therefore, that it will gain any very wide acceptation, 
especially in the case of canals of contracted width. It will be proper to recapitulate, how- 
ever, some of the results which have been obtained from this application of the screw ; and 
I will subsequently explain in what way I consider steam propulsion upon canals may be 
accomplished in a more advantageous manner than will be possible where screws are 
employed. 

The most successful screw vessels which have been constructed for plying on canals 
have been fittetl with two screws, and in some coses the screws have been situated in the 
bow, but more generally they have been placed in the stem. An example of one of the 
most simple and effective arrangements of machinery for this purpose will be found in the 
engines of the French screw steamer “ fltoile,” represented in the plate of Direct- Acting 
Screw Engines, which accompanies the present work. The “ Etoile ” is 81 feet long upon 
deck, and 15‘42 feet broad upon deck. Her draft of water is 3‘2808 feet, and immersed 
midship section 34’445 square feet. She has one cylinder of 14’744 inches in diameter and 
16'4 inches stroke. The engine is condensing, and the pressure of the steam is 30 lbs. per 
S(|Uore inch. There is a screw set in each quarter, and the screws revolve in opposite 
directions. The screw shafts are connected by gearing to compel the screws to revolve in 
opposite directions, and also to keep the piston rod in the vertical position, since the wheels 
act in the same way as the wheels in Cartwright’s parallel motion. The diameter of screw 
is 5 ’249 feet, and the pitch 11‘155 feet. The steam is shut off from the cylinders after 
three-fourths of the stroke have been performed, and the engine makes firom 60 to 80 revolu- 
tions per minute. 

From some experiments made with the “ Etoile " upon the canal of Arles in France, to 
ascertain the comparative advantage of carr 3 ring merchandize in the steamer herself, and in 
separate barges which the steamer tows, the conclusion was arrived at that it was more 
advantageous to carry the merchandize in the steamer. Two barges, each laden with 210 
tons of coal, were attached to the “ Eftoile,” which therefore acted in this instance as a tug ; 


Digitized by Google 


SCUKW STEAM VESSELS ON CASALS. 


199 


but the slip of the screws, under such circumstances, became very great, having risen to as 
much as 70 per cent. The slip of the “fetoile" herself, in the same canal, when not towing 
anything, was only 30 per cent. ; and it was reckoned that the slip in the case of an appro- 
priate screw vessel laden with 200 tons of cargo would not have exceeded 35 to 40 per cent. 
There can be no doubt whatever that in all cases in which there is a considerable depth of 
water the resistance w'ill be less — and therefore, with the same propelling apparatu.s, the 
slip vrill be less — when the cargo is put into a steam vessel of suitable construction than 
when put into barges which are towed astern ; but the quantity of caigo which a steamer 
capable of plying in any ordinary canal can carry is very inconsiderable, and it is more 
expensive to conduct a number of separate vessels than a single long train. 

The results of experiments made some years since with swift boats upon the Paisley 
canal, and which seemed to show that such boats were more easily hauled at the gallop than 
at the trot, led some persons to the conclusion that the resistance of vessels on canals does 
not increase with the velocity, but, in fact, rather diminishes. The experiments made by 
M. Morin upon some of the French canals by no means confirm this hypothesis; and he 
found that wherever a unifonn speed is maintained, the resistance increases os the immersed 
midship section and the square of the velocity. It is the fact, nevertheless, that on narrow 
and shallow canals the resistance will be greater at low than at high speeds ; for the wave 
created by the passage of the vessel through the canal travels at a determinate rate, 
depending mainly on the area of the canal, and if the vessel docs not travel at the same 
velocity, a succession of waves will be raised, whereby much power will be expended. In 
deep and wide canals, however, the altitude of the wave with any given size of boat is less, 
and the velocity of translation is greater, so that the boat cannot overtake it, and even if she 
did, but little difference would be produced in the result. It follows, consequently, that 
upon the common class of canals, the speed, other things being equal, will vary nearly ns the 
immersed section and the square of the velocity, as M. Morin found to be the case; but if 
the canal be narrow, or the speed high, the boat will be raised partially out of the water, 
and the immersed section will be decreased. 

The resistance which any vessel will experience in a canal will be greater than that which 
she would experience in any large tract of open water, but the amount of this aggravated 
resistance relatively with the speed, will vary with the sectional area of the canal, or rather, 
with the sectional area of the canal relatively with that of the vessel. In canals of a small 
sectional area, the force of traction necessary will first go on increasing with the speed, and 
it will then diminish, and increase again if the speed be further augmented. With certain 
speeds, therefore, the resistance of a light and s^vift boat towed by horses will be greater 
in a large canal than in a small one ; but the resistance which a vessel carrying heavy 
loads will sustain, will always be greatest in the canals of small width and depth. This is 
very clearly shown in the following table, which exhibits the resistance experienced by the 
“ £toilc ’’ in open water and in canals of different sections : — 
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Thu e.sperimcnts of M. Morin with light and swift boats upon the canals at Ourcq and 
St. Denis, showed that the resistance is also affected by the amount of rubbing surface of 
the bottom, and this quantity is independent of the speed. In the best examples of these 
boats, M. Morin found the resistance per square foot, at a speed of 3'2808 feet per second, 
to be 2’ 16 lbs. The resistance per square foot of moistened surface of the bottom be found 
to lie about 0'043 lbs. per square foot. Putting, then, r to represent the whole resistance of 
the boat, s the extent of moistened surface of tlie bottom in square feet, k the resistance per 
square foot of immersed section in lbs., b“ the area of the immersed section, and v the 
velocity, then R = '043 8 x kb* v*, or, in the best forms of boat tried, the expression would 
liecomo B = 0’43 s x 2'IG n* v*. By applying this formula to the case of the “ ^toile,” we 
should obtain results differing from one another very much, according to the width of the 
canal, since the value of k, which is 1-61 in open water, becomes 5'24 in a contracted 
canal. In vessels of large size narigating the sea, the value of K is considerably less than 
1-61 lbs. In the “Pelican" it is 1'22 lbs., and in larger and sharper vessels it has been 
ascertained by the dynamometer to be 0’92 lbs. The expense, therefore, of the pro[jelling 
power upon canals must necessarily be verj' much greater than the expense upon deep rivers, 
or upon the sea, since the resistance is so much greater relatively with the work to be per- 
formed. The more contracted the canal, the greater docs this difference become, as was 
made manifest by the great reduction of speed which the “fitoile” experienced upon 
entering the aqueducts of Digoin and of the Allier, and in some of the cuttings of the Central 
canal, where the section is reduced to 90 or 100 square feet. In these places the speed of 
the “ fctoile " did not exceed ^ a mile, or ^ of a mile an hour. 

In an intelligent tract on Canal Navigation, by M. Dubied, which has lately appeared 
in Paris, the author calculates that, by the em])loyment of screw vessels of suitable con- 
struction, merchandize may be carried on canals of average dimensions, at a speed of 3'1 
miles an hour, for a farthing a ton per mile, and at a sj>ecd of 1'8 miles an hour, for one- 
fifth of a penny per ton per mile, or somewhat less than a farthing. On the largest class of 
canals he proposes that each vessel shall carry 200 tons of merchandize, besides the engine 
by which it is to be propelled ; and on the smaller class of canals he proposes that each 
vessel, in addition to its engine, shall carry 100 tons of merchandize. In the larger class of 
vessels, the required speed will, he considers, be attained by an engine of 11 or 12 horses 
power, and in tlie smaller class of vessels by an engine of 10 to 11 horses power. The speed 
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of 1'8 miles an hour may, he considers, be attained by means of an engine of 2 or 3 horses 
power, for attending upon which, a single stoker would be sufficient, and two sailors would 
be sufficient to manage the vessel. The boats he proposes should be made of iron and be 
decked. In some canals the weeds would occasion inconvenience to a screw vessel at the 
outset, as they would accumulate around the screws until they stopped tlic engines; but a 
8C}-thc or mowing apparatus dragged astern of one of the vessels a few times would soon 
clear away these impediments, and the continued plying of the screw vessels would prevent 
the weeds from rc-ajipearing. 

The action of steam vessels upon the banks of canals has heretofore been one of the 
main objections to their employment in canal navigation, and it was found that when the 
“ litoilc " attained a speed of 4'3 miles an hour, a wave was raised one foot high, extending 
from the bow to the middle of the vessel, and which broke at each side upon the banks. 
This action, if long continued, would, it is clear, prove highly injurious to the banks ; but it 
was proved, by the experiments in question, that this agitation of the water was produced 
solely by the progress of the vessel through the water, and not at all by the action of the 
screw, so that it would equally have happened if a vessel of the same dimensions had been 
dragged by horses at the same rate of speed. "With either a lower speed or a smaller vessel 
the agitation of the water would not be so great, and the existence of a wave, under such 
circumstances, is not an argument against the employment of screw vessels on canals, but 
only against the adoption of such large dimensions, or such a high rate of speed, as will 
necessarily produce the inconvenience referred to. 

Upon some of the canals of England, and also upon the Grand canal, and some other 
canals in Ireland, screw vessels have been lately introduced ; and in most cases these vessels 
have been furnished wth two screws, as in the case of the “Etoile.” But although 
a certain measure of success has attended these innovations, yet, upon the whole, the 
introduction of steam vessels upon canals has not been attended with the measure of success 
that was expected. The cause of this result is not very difficult of perception. In any 
steam vessel of restricted width and length, hut in which nevertheless a considerable rate 
of speed is intended to be maintained, the weight of the machinery and fuel must cause a 
considerable immersion ; and upon all canals of the ordinary calibre, the large immersion of 
the hull will aggravate the resistance to a very serious extent, and correspondingly increase 
the cost of transport. At very low rates of speed, indeed, these evil effects will be less 
conspicuous ; but at very low rates of speed even very large barges may be drawn by two or 
three horses, and it appears to be hardly worth while employing a steam vessel for the 
purpose unless a long train of barges could be towed at once. A long train of barges, 
however, would experience considerable delay at locks, for only one barge could generally 
pass through at a time, and the first barge of the train would have to wait until all the 
others had passed through, whereby greater delay would be caused than if each separate 
barge was dragged by horses. These impediments have hitherto prevented any very 
eminent success from being attained by steam vessels upon canals, and it appears to me 
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that vessels of the character heretofore used, whether propelled by screws or paddles, aio 
not calculated to realize that measure of efficiency which is indispensable to a successful 
result. 

I would propose to propel vessels on canab by means of a wheel running along the 
bottom, and so arranged as to be capable of rising and falling with the irregularities of 
the ground. This wheel would be driven by a steam engine, and would be armed at the 
periphery with projecting spikes, to prevent it from turning round without propelling the 
vesseL Wheels of this kind arc in successful operation upon the Khonc, for propelling 
the steam vessels there employed against the rapid current of the river. They draw behind 
them very heavy loads ; and as in canals there is a similar aggravation of the resistance 
to that which a vessel experiences when she ascends a rapid river, it appears to me that 
the mode of propulsion which has been successful in the one case is likely to be so in the 
other. By this mode of propulsion there is no slip, so that the whole power of the engine 
is beneficially expended whatever may be the resistance ; and as the bottoms of canals are 
much more nearly level than the bottoms of rivers, the mode of propulsion suggested is 
more easily applicable in the former case. The difficulty of the locks, however, still remmns, 
and I would propose to overcome it as follows : — 1 would make each steamer draw a train 
of boats, and I would have at least two trains a day — a passenger train and a luggage 
train. The boats for the passenger train would be made of plates of steel, and be formed 
in all other respects in the lightest possible manner. To prevent a wave of an injurious 
character from being formed by the rapid passage of the boat through the water, I would 
propose to make the boat very long, — in certain cases some hundreds of feet, — to make the 
bow and stem very much sharper than those of any other boats, and to make the bottom rise 
up gradually towards the bow and stem, until it came to the surface of the water, so that 
the water would in reality be displaced slowly, although the boat was proceeding at a 
considerable rate of speed. Instead, however, of making the boat in one piece, I would 
form it of several pieces, or of several distinct barges, which, when joined together, would 
form a train like a very long and sharp boat, so that the boat would be in no danger of 
breaking should it get aground, and would be able to accommodate itself to the bends of the 
canal. Each train would be provided with a very strong projecting gunwale; and, on 
arriving at a lock, the train would leave the water, and proceed from one level to the other 
on two rows of wheels fixed on the canal bank, on which the boats would hang by the gun- 
wale and be drawn up by a chain. Boats of a constmetion s imila r to the foregoing were 
proposed by me several years ago for navigating the rivers of Indio, and there appears to be 
every probability that they will soon be used for that purpose. 
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CHAPTER IX. 

COUPABISON OF DtFFEKEHT KO!03 OF SCBEW EKGIilBS. 

Screw engines arc divisible into two great classes — geared screw engines and direct- 
acting screw en^nes. In the first class the engines work at the usual speed of paddle 
engines, and the necessary velocity of rotation is imparted to the screw by the in- 
tervention of gearing. In the second class the engines are connected immediately to 
the screw shaft, and therefore make the same number of strokes per minute that 
the shaft makes of revolutions. Both kinds of engines are perfectly effective ; but the 
geared engines have the merit of being twice or three times the size that would 
be necessary if tbe gearing were dispensed with, and twice or three times the weight. 
More bad direct-acting engines have no doubt been made than bad geared en^es, and 
if the average efficacy of each kind be taken, therefore, it will probably appear that the 
geared engines have done the most work with least coal. But such irregularities of per- 
formance follow every considerable innovation, — which a large acceleration of the speed of 
marine engines must be admitted to be, — and the circumstance only shows, what indeed 
might have easily been predicted, that when engineers of various degrees of skill are set 
to the resolution of a given problem, some will speedily exhibit a greater proficiency than 
the rest, and only some will arrive at such a point of perfection as to warrant the substi- 
tution of their devices for existing modes of operation. The last step of progress, however, 
in any art is not represented by the worst expedient lately propounded, but by the beat ; 
and if we compare some of the best direct-acting screw engines with the best geared engines, 
we shall find that the direct acting engines have the advantage in every respect. In regard 
to performance, or in other words, to the power produced relatively with the fuel consumed, 
they are fully as efficient. The clearance spaces at tbe ends of the cylinders, and also 
the various ports and passages, have, it is true, to be filled with steam more frequently in 
the direct-acting engine, but then those several spaces arc of proportionately less capacity, 
the cylinders being smaller in the proportion of the augmentation of the speed. The smaller 
dimensions of the cylinders in the direct-acting engine reduces considerably the loss from 
the condensation of the steam within the cylinders, and that the loss from this cause is not 
inconsiderable is proved by an experiment lately made, which shows that in engines pro- 
vided with four cylinders, it is more advantageous to use a given quantity of steam with full 
pressure throughout the stroke in two cylinders, than to use the same steam in four 
cylinders, cutting off at half stroke, — the whole benefit of the expansion being more than 
counterbalanced by the increased cooling surface which four cylinders present. If the 
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same onioant of cooling surface were to be presented by two large cylinders instead of four 
small ones, the result would be the same as in the case just recited ; but if this be so, then 
slow moving engines of large size must be less economical than fast moving engines of the 
same power. It follows, therefore, that, other things being equal, direct-acting screw 
engines moving with a high speed, will be more economical in steam than geared engines, 
and should therefore be preferred on that ground for driving the screw, even if they had no 
other recommendation. In all other respects, however, direct-acting engines have a manifest 
superiority over those with gearing ; nor can it be accounted a trivial benefit that an engine 
of given dimensions should be able to exert two or three times the power of another engine 
of the same size, or that an engine of a given power should be only half or one-third of the 
size and weight of another engine which only exerts the same power. These are the 
positions which direct-acting and geared engines respectively occupy, and it requires no very 
great penetration to see that geared screw engines must before long be universally discarded. 
What benefit do geared engines confer ? what inconvenience do they obviate ? 1 know 
of none whatever ; and the reasons adduced by their apologists for persisting in their pre- 
ference of them, appear to me to be utterly futile and chimerical. At one time, no doubt, 
the air pump valves presented an impediment to the realization of high speeds in condensing 
engines, but this inconvenience has been entirely surmounted by the introduction of Indian 
rubber discs, instead of the brass valves which had been previously employed ; and in no 
direct-acting screw engines of proper construction do the air pumps now produce any shock, 
or occasion any inconvenience. WTth respect to the greater liability of engines moving 
with a high speed to heat in the bearings, that is a question not of speed alone, but of speed 
and area of bearing surface conjointly ; for a fast bearing will be no more likely to heat 
than a slow one, if the area of bearing surface be adequately extended. It is clear, more- 
over, that the only part in which there are many large bearings, namely, the screw shaft, 
must revolve at a high velocity, whatever species of engine is employed ; and if the bearings 
of that part of the machine can be maintained in efficiency, why may not the crank pin 
bearing — the only other bearing transmitting much strain, which it is necessary should 
move at a high rate of speed — be induced to exhibit a similar docility ? In many vessels 
the wooden teeth of the geared wheels have speedily worn thin or shaken loose ; but it would 
be unfair to impute those faults to the system of gearing, since they are obviously only 
faults of manufacture. In like manner it would bo unfair to infer that the imperfections of 
certain direct-acting engines necessarily attach to the whole class ; for although bad direct- 
acting engines have been made, good ones have been made also. It is quite certain, indeed, 
that good direct-acting engines are fully as efficient as engines with gearing ; and if this be 
so, wherefore should gearing be employed ? No doubt engineers who have not hitherto made 
direct-acting engines, or who have made only bad ones, will have a temptation to adhere 
to gearing as preferable to the uncertainties of an untried field, or of one in which they have 
not yet won any very eminent successes. But although certain engineers may have a 
temptation to adhere to antiquarian forms of mechanism, the public has no similar temp- 
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tation to adhere to t/iem ; and if they cannot or will not make direct-acting engines of an 
efficient description, the only result will be that the orders will go into other channels where 
the same antipathy to improvement does not exist. It is now beyond dispute that direct- 
acting engines, of an efficiency fully equal to that of geared engines, can be and are made. 
It is equally certain that direct-acting engines accomplish a material saving of space and 
weight, being in fact only one half or one third the size of geared engines. Why, then, 
should any one desiring to possess a screw vessel forego these advantages, when, by pur- 
chasing in another market, he may certainly obtain them ? Direct-acting engines have less 
complication than geared engines, they are less expensive to construct, and, if properly made 
in the first instance, they will cost less for repairs. But the framing must be of great 
solidity, the bearings must be very long, and the whole of the keys and bolts about the 
engine must be of such a character that they cannot be shaken loose. With these simple 
precautions — in some cases heretofore neglected — the engines of screw vessels may be 
worked at a high rate of speed, with very little expense from wear and tear; and there can be 
no reason, therefore, why larger and heavier engines, with the additional complication of 
gearing, should be employed. 


GEARED SCREW ENGINES. 

Engines of the “Faon" and “Fairy ." — These engines, constructed by Messrs. Penn and 
Son, and represented in Plate III., are, in most respects, identical with the form of oscillating 
engines which Messrs. Penn had previously introduced for paddle vessels, — the speed of 
the screw being brought up by a wheel and pinion to the velocity required. The thrust of 
the screw shaft was originally taken by a nipple of steel fitted into the end of the shaft, 
and which pressed against a plate of steel upon which a current of water could bo directed. 
But it was found that the steel nipple became white hot, and actually welded itself on to 
the steel plate, although a stream of water was all the while directed upon the bearing. 
The same occurrence had previously happened in the “ Rattler ” when backing the engines. 
To receive the thrust when backing, a steel plate had been fitted to the stem-post behind 
the screw, and this plate was, of course, always immersed in the water. Nevertheless, the 
heat caused by the conjoint thrust and velocity became so great that the end of the shaft 
welded itself on to the plate, and tore it from the stern-post. These consequences arose 
from the bearing surfaces having been too small ; and os the bearing surfaces are now made 
large, the pressure is distributed over a large area, and heating does not occur. The 
accident to the “ Fairy ” occurred when the Queen was ascending the Rhine, and for- 
tunately Mr. Penn was himself on board. He immediately detached from the end of the 
shaft the remains of the steel nipple, and applied some pieces of brass in the situation of 
the steel plate, for the end of the shaft to press against. The end of the shaft having a 
much larger pressing area than the steel nipple, this arrangement was found to answer 
very well, and the vessel was enabled to pursue her course with scarcely any detention. 
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The oscilkting engine of Messrs. Penn, being so well known in its application to paddle 
engines, need not be further described here ; and I refer those desiring further information 
respecting it to my “ Catechism of the Steam Engine," where a detmled account of this 
species of engine is given. Messrs. Penn and Son, I may add, do not now use geared 
engines for vessels even of the class of the “ Faon ” or “ Fairy.” In their most recent 
vessels, the “ Argus ” revenue cruizer of GO horses power, and the “ Sea-mew ” cruizer, also 
of GO horses power, the engine employed is Messrs. Penn’s direct-acting trunk engine of 
the same construction as the engines of the “ Arrogant ” and “ Encounter," represented in 
the Plate of direct-acting screw engines which accompanies the present work. The engines 
of the “ Argus ” are the same engines which Messrs. Penn contributed to the Great 
Exhibition. The screw of the “Argus” is 8 feet diameter, 9 feet pitch, and 19 inches 
long. The screw of the “Sea-mew” is 7 feet 10 inches diameter, 10 feet 3 inches pitch, 
and 20^ inches long. In the Peruvian frigate, “Amazonas,” fitted with engines of the same 
kind, of 300 horses power, the screw is 15 feet diameter, 15 feet pitch, and 2 feet 6 inches 
long. All these are screws of two blades. 

Engines of the "Intrepid” and "Pioneer ." — These engines, constructed by Messrs. 
James Watt and Co. (late Boulton, Watt, and Co.), are represented in the large plate of 
geared engines, in which all the other geared engines described will also be found which 
arc not referred to as represented in a separate plate of the work. They are oscillating 
engines, resembling those of the “ Fairy,” but with a longer proportion of stroke, and with 
two air pumps worked by a beam instead of one air pump. The nominal power of these 
engines is 60 horses, and the actual power about 140 horses. The pressure of steam in 
the boiler is 13 lbs. per square inch. The number of square feet of heating surface in the 
boiler, to evaporate a cubic foot of water in the hour, is 9^ square feet, and the evaporation 
of a cubic foot of water in the boiler produces, in the engines, from 1-25 to 1'4 actual 
horses power. The area of fire-bars, to evaporate a cubic foot of water in the hour, is 
'433 square feet, and the sectional area of tubes, per cubic foot evaporated, is 8'5 square 
inches. The screw is about 8 feet diameter and 10 feet pitch, and the number of revoluticms 
of the screw per minute is from 90 to 94. 

Engines of the “ Rattler." — These engines, constructed by Messrs. Maudslay, are upon 
their double-cylinder plan, which they have introduced to a considerable extent for paddle 
engines, but which has never been adopted by other makers, and which does not appear to 
me likely ever to come into extensive use. The thrust of the screw is received upon a cast- 
iron upright. The cylinders work in pairs, the pistons of each pair moving like one piston ; 
and the air-pumps are wrought by means of levers connected with the hanging portion of 
the cylinder cross-head. This depending tail is guided between the cylinders, and from 
the bottom of it the connecting rod passes upward to turn the crank. There is a slide 
valve to each pair of cylinders, and it stands intermediately between the cylinders, but not 
in a line with their centres. The slide valves arc cj'lindrical, and one of them is visible in 
elevation behind the descending part of the T cross-head. 
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Engines of the “ Plumper." — The engines of the “ Plumper,” constructed by Messrs. 
Miller, Ravenhill, and Co., and represented in Plate IV. and also in the large Plate of geared 
screw engines, bear a close resemblance to the engines of the “Faon" and “Fairy;” but 
the pumps arc worked in a different manner, and there is some diffTcrcnce also in several of 
the other details. Upon the whole, however, these engines must be classed with the onpnes 
of Messrs. Penn, which they nearly resemble, not merely in their form, but also in the ex- 
cellent quality of their workmanship. Where gearing is used no form of engine is more 
unexceptionable than this, for it is compact and light and has little complication of parts. 

Engines of the “ Great Britain." — These engines are almost identical with the engines 
of the “ Faon ” and “ Fairy," and of the “ Plumper," in every respect except size ; but the 
“ Great Britain " has two air pumps inclined at an angle with one another, instead of a 
single air pump as in the case of smaller engines. The performance of the “ Great Britain ” 
with these engines is superior to her previous performance with engines of twice the nominal 
power. Without the aid of sails and with a full caigo she realizes a speed of fully 10 knots 
per hour. 

Engines of the “ Fire Queen." — These engines, which are of 80 horses power, arc repre- 
sented in Plates VI. and V'll., and also, on a reduced scale, in the large Plate of geared 
screw engines. They were constructed, together with the vessel, by Mr. Robert Napier for 
Mr. Ashton Smith, and they arc ccrtmnly among the best examples of engines of this class. 
This form of engine, it will be remarked, resembles the common land engine, but the beam 
and connecting rod are made of malleable iron instead of bring made of cast iron, as in land 
engines is usually the cose. The beam is composed of two thick malleable iron plates set on 
edge, and connected together by the various centres. The condenser is formed of malleable 
iron plates, and the air pump is of brass. The slide valve of the cylinder is of the three- 
ported description, but the steam escapes to the condenser through a hole in the back of the 
valve ; and to prevent the steam in the valve-casing from escaping in the same direction, the 
hole in the bock of the valve is surrounded by a metallic ring, which moves steam-tight on the 
back of the valve<asing, against which it may be pressed by springs. The effect of this 
arrangement is, to take the pressure irom off the back of the valve, and the engine will con- 
sequently be more easily started or reversed, as the valve will be more easily moved. The 
whole of the parts of the engine are very substantial, — perhaps a little too heavy in some 
parts ; but the general arrangements are so judicious that it would be difficult to suggest 
any material improvement if this class of engine has to be used. The speed of the “ Fire 
Queen” is fully 14 miles an hour. 

Engines of the “ Greenock." — These engines, constructed by Messrs. Rennie for H. M. S. 
“ Wasp,” and subsequently fitted on board H. JI. S. “ Greenock,” are represented in the 
plate of geared engines. The cylinders are horizontal, in order that they may be kept below 
the water line ; and the pistons give motion to a short shaft, upon which cog wheels are 
placed, which gear into pinions on the screw shaft and thereby put it into revolution. The 
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air pumps and the feed and bilge pumps arc worked by levers, to which motion is imparted 
by eccentrics set on the 
short shaft referred to, and 
with which the piston rods 
are in connexion. The na- 
ture of this arrangement 
for working the air pumps 
will be made more obvious 
by fig. 186., which is a sec- 
tion of the air pump of the 
“ Reynard." The valves 
are made of several thick- 
nesses of canvas resting 
on gratings, and rising up 
against circular metallic 
guards of about the same 
diameter as the valves 
themselves, and of a cup- 
ped form. Air pump valves 
of this kind would not now 
be made, but at the time 
of the construction of 
these engines they were 
the best kind known. 

Engines of the “ IUghfiyer." — These engines, constructed by Messrs. Maudslay for 
H. M. S. “ Highflyer,” resemble the locomotive engine in their general arrangement. The 
framing consists merely of two rods which serve as guides to the piston-rod cross-head, and 
the air pump is wrought by a small crank at the end of the wheel shaft, the air-pump rod 
being formed of a pipe or trunk which permits the oscillation of a connecting rod within it, 
by the action of the crank on which the air-pump bucket is moved up and down. This 
engine, it will be understood, has two cylinders and two air pumps, though only one cylinder 
and one air pump are shown in the plan, from the engine being deficient in compactness, 
and therefore taking up more room than could be afforded. The stroke of this engine 
appears to me to be shorter than is advisable. 

Engines of the "‘Sharhie." — These engines of 550 horses power were constructed by 
Messrs. Miller, Ravcnhill, and Co. for the Egyptian frigate “ Sharkie," and they are a good 
specimen of engines of this class. The air pumps are wrought by means of a curved pro- 
longation of the crank pin, which has the effect of giving to the air pumps a shorter stroke 
than that of the engine pistons. The top of the piston rod is kept in the proper position by 
means of guides like the guides of a locomotive. There is no hot well, but the waste water 
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is conducted from tlie air pump at once overiioard. A hot well appears to me to be a super- 
fluity in all engines in which the waste-water passages are of adequate dimensions. 

Engines of (he “ Termagant” and “ Euphrates." — These engines of G20 horses power, 
constructed by Messrs. Seawanl for II. 31. S. “Termagant” and “Euphrates,” have four 
cylinders, with the connecting rod interposed between the piston rod and the crank, as iii 
locomotive engines; but the piston-rod cross-head is bent down very much so as to bring 
the forked ends of the connecting rod upon each side of the stuffing box, whereby a greater 
length of connecting rod is obtained. The air pumps are wrought off cranks on the wheel 
shafts, as in Messrs. Maudslay's and 3Iessrs. Miller’s arrangements. 

Engines of the “ Dauntless." — These engines; constructed by 3Ir. Robert Napier, are of 
.980 horses power, and the arrangements upon the whole nearly resemble those which 
Messrs. Miller have adopted in the “Starkic;” but the air pump, instead of being wrought 
immediately off the recurved crank pin, has its stroke further diminished by the intervention 
of a lever. The several parts arc constructed in a very substantial manner, and the piston 
rod is prolonged out through the bottom of the cylinder so as to take the weight of the 
piston off the side. The projecting rod is covered by a hollow cap. 

Engines of the “ City of Glasgow," “ City of Manchester and Glasgow." — These engines, 
rcpresenteil in Plate Vlll., and also on a smaller scale in the large Plate of geared screw 
engines, are of the land-engine type, and very much resemble the engines constructed by 
Mr. Robert Napier for the “ Fire Queen,” but they are of course of larger size. The man- 
ner in which the thrust of the shaft is received will be seen by a reference to Plate Vlll. 
The end of the shaft passes into a cistern of oil, between the side of which and the end of 
the shaft two discs of metal arc interposed, which are strung upon a central bolt, so that 
they cannot shift sideways. The shaft presses against these discs ; and if its friction u|>on 
the first disc is so considerable that it begins to heat and stick, it will follow that this 
disc will revolve with the shaft, and the rubbing surfaces will cease to be the end of the 
shaft and face of the first disc, but will become the back of the first disc and the front of 
the second disc. This transfer of the points of attrition enables the original surfaces to cool 
and resume their former condition, w'hen they will be again called into action as before. 
The only difference between the engines of the “ City of Manchester and Gla-sgow,” and those 
of the “City of Glasgow,” is, a slight difference of size, and some difference in the framing, 
the whole of the particulars of which are exhibited in Plate VIII. 

Engines of the “ Brisk." — These engines, constructed by 3Icssrs. Scott, Sinclair, and Co., 
for H.3I.S. “ Rrisk,” bear a close resemblance to the engines of the “Dauntless,” but are 
somewhat more complicated. Here, too, ns in many engines of this class, there is no hot 
■n'ell. The thrust of the screw is received in the same manner as in the case of the “City 
of Glasgow's” engines, and this, it may be added, is now a common mode of receiving the 
thrust. 

Engines of the “Bordeaux." — In the engines of the “ Bordeaux,” constructed bySlessrs. 
Thomson, of Glasgow, we have two cylinders inclined to one another at an angle of 45° 
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operating upon one crank, and the crank pin, being recurved so as to diminish its throw at 
the extreme end, is there put in connexion with a lever by which the air pumps and the 
feed and bilge pumps are wrought. The link motion, it will be remarked, is employed for 
working the valves; and the general arrangement of the engines, and the adjustment of the 
details, manifest much judgment and aptitude in the art of mechanical combination. These 
engines having been constructed for a merchant vessel with auxiliary power, it was deemed 
unnccessarj' to keep them below the water line. 

Engines of the “Correo ." — In the engines of the “Correo," represented in Plate IX., the 
general arrangement is very simikr to that of the engines of the “ Bordeaux.” The “ Cor- 
reo” is a wooden vessel 160 feet long, 22 feet 6 inches broad, 13 feet deep, and 11 feet draught 
of water. The area of her immersed section is 200 square feet, and her burden is 413 tons. 
She was built by Mr. John Brown, of Dundee, and the engines are by Messrs. Gourlay, 
Mudic, and Co., of Dundee. The diameter of the cylinders is 32^ inches, length of stroke 
32 inches, number of strokes per minute 45, nominal power 75 horses, diameter of screw 7 
feet 6 inches, pitch of screw 8 feet 9 inches, number of blades 2, and number of revolutions 
per minute 120. The speed of the vessel is 10 knots without the aid of sails. There is 
only one air pump. The crank to which the piston rods arc attached is a crank forged 
in the shaft like the cranked axle of a locomotive, and the air pump is wrought by a sepa- 
rate shorter crank, fixed on tlic end of the shaft for that purpose. The bilge pump is 
attached to one end of the air-pump cross-head, and the feed pump to the other end. 
It will be obvious from the plate that the engines are of a very simple and substantial 
construction. 

Engines of the “European ." — These engines, constructed by Jlessrs. Smith and Rodger, 
for the auxiliary screw steamer “ European,” are examples of a new type of engine, designed 
by that greatest of innovators in marine engineering, Mr. David Napier; and a considerable 
number of these engines have now been made by Messrs. Smith and Rodger, and otlicr manu- 
facturers. There are two cylinders, but in the ground plan given in the Plate, only one-half 
of the plan is introduced. Each piston is furnished with four piston rods, which ascend to a 
considerable height beyond tlie level of the screw shaft ; and to the top of these rods a cross 
is applied, from the centre of which the connecting rod hangs, its lower end engaging the 
crank pin. This, therefore, is a variety of the steeple engine, the connecting rod being 
above the crank ; and the upper end of the connecting rod works in guides, while its lower 
end follows the revolutions of the crank. There is an air pump to each engine, wrought by 
malleable iron levers, the ends of which are connected by links to the cross-head of the 
piston rod. The valve is three-ported and is moved by an eccentric situated unmediately 
above it, and which revolves in a square brass that slides in a frame which permits the 
motion of the bra.ss sideways, while the up and do^vn motion constrains the frame itself to 
move, carrying with it the valve to which the frame is attached. This arrangement ia 
adopted to overcome the inconvenience of a too short eccentric rod, which the combination 
would otherwise entail, and it is now very usual in the Clyde. The two air pumps, it will 
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be remarked, deliver into one hot well, from which the waste-water pipe proceeds, and the 
feed and bilge pumps ore applied on each side of the air pump, and are worked by the air- 
pump cross-head, as is a very frequent and convenient practice. The thrust of the shaft is 
received upon a block of Babbit’s metal immersed in a cistern of oil. 

Engines of the “Bic/ie" and " Sentinelle.” — This arrangement of screw engines was 
designed by Mr. Holm, and the plan is one which exhibits great ingenuity. The two cylin- 
ders, it will be observed, are placed with their ends in contact, and each gives motion to a 
wheel which acts upon tlie pinion at the end of the screw shaft. Here each cylinder is fur- 
nished wth two piston rods set diagonally, and from the ends of these rods a connecting rod 
reaches to the crank, as in the steeple engine ; and, substantially, this is Mr. David Napier’s 
engine laid upon its side, with two of the piston rods discarded. The condenser is beneath 
the cylinders, and the air pump is wrought by an arm extending from the cross-head, and 
has consequently the same stroke as the piston itself. The air pump is made with a solid 
piston and is double acting. Since air pumps have been provided with indian-rubber valves, 
the rapid motion of the air-pump piston has ceased to be a disadvantage, and there 
is no reason, therefore, why air pumps with the same stroke as the piston should not be 
employed. 


DIRECT-ACnNO SCBEW EXOINES. 

Engines of the ‘^Simoom.” — These engines, constructed by Messrs. James W’att and Co. 
(late Boulton, Watt, and Co.) for H. M. S. “ Simoom," and represented in the large Bhite of 
direct-acting engines, consist substantially of four oscillating cylinders Imd upon their sides 
and with the piston rods communicating immediately with the screw shaft. Two piston 
rods are connected with one crank, and the other two piston rods with the other crank ; and a 
crank in the intermediate shaft works the buckets of the air pumps which lie in an inclined 
position to one another, us is seen in the ground plan. The air pumps are omitted in the 
elevation with the view of obviating complication. The valves are wrought by means of the 
link motion, the double eccentrics necessary for which will be seen in the ground plan ; and 
the expansion valves are wrought by means of elliptical cams upon the shaft, against which 
the ends of the rods are kept up by means of spiral springs enclosed in appropriate tubes. 
The valves are of the kind usual in oscillating engines, and the thrust of the screw shaft 
is taken off at a point intermediate between tlic engines and the stem post, so that no thrust 
is communicated through the engine shaft. 

Engines of the " Niger.” — These engines, constructed for H. M. S. “ Niger ’’ by Messrs. 
Maudslay, Sons, and Field, have also four cylinders, laid in a horizontal position ; but here 
the cylinders are stationary, and the motion is imparted to the crank in a similar manner to 
tliat employed in the engines of the “Biche” and “ SentincUe ’’ already described. Two 
piston rods emerge from each cylinder in different horizontal planes, so that one comes out 
above the level of the shaft and the other below the level of the shaft. The piston rods of 
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each pair of cylinders are connected with a cross-head, which is of course moved backwards 
and forwards in the space between the cylinder covers in the same manner as the pistons 
themselves ; and from the cross-head a connecting rod passes to the crank and puts it into 
revolution. The cylinders upon the one side of the shaft are consequently nearer to the line 
of the keel than the cylinders upon the other side of the shaft, as space must be left on one 
side to enable the connecting rods to work, which on the other side is not required. The 
air pumps, which are also horizontal, are worked by an arrangement similar to that by 
which the motion of the pi.stons is communicated to the cranks. This species of engine 
resembles in some respects the engines of the “ Amphion,” represented in Plate XII. ; and 
the engines of the “Amphion” I consider to be one of the best examples of direct-action 
engine hitherto produced, at least as regards its leading features ; but the use of four cylinders 
and the abridgment of the stroke which distinguish the engines of the “ Niger ” are not in 
my judgment improvements. There is increased radiation of heat from the surface of the 
cylinders from this alteration, and increased comple-xity, while there is no countervailing 
advantage that I can discern. It will be remarked, by a reference to the ground plan of the 
engines of the “Niger,” that the strain is taken at the end of the screw shaft, and it is 
therefore transmitted through the cranks of the engine. The cmiiks in such a case have to 
be made in a piece with the shaft. The valves are moved by the link motion, which is 
shown both on the elevation and ground plan ; and each valve, which is of great breadth and 
in the plan nearly conceals the cylinder, is worked by two valve rods which stretch across 
from one cylinder to the other. 

Engines of llie '‘Arrogant” and “Encounter ” — These engines, constructed by Messrs. 
John Penn and Son for H. M. S. “Arrogant" and “Encounter,” are the first examples of a 
new class of engines which is now coming into use for driving the screw, and taken al- 
together these engines appear to me to be the best screw engines which have yet been 
constructed. This distinction, however, they do not owe altogether to the leading features 
of their arrangement, which, though very eligible, is by no means unexceptionable ; but they 
owe it in a great measure to the admirable adjustment of the details — a quality iu which 
Messrs. Penn’s engines of every kind have long been unrivalled. There are two cylinders in 
these engines, which, as will be obvious from the Plate, are laid in a horizontal position ; 
and passing through the centre of each cylinder, and cast in a piece with the piston, there 
is a large pipe or trunk, to the centre of which one end of the connecting rod is attached. 
As the piston is moved backwards and forwards by the steam, the end of the connecting rod 
necessarily partakes of the same motion, and consequently turns the crank, the trunk being 
of sufficient diameter to enable the connecting rod to follow the motion of the crank without 
coming into contact with the sides. The air pump, which is double acting and therefore 
made with a solid piston, is situated within the condenser, and lies in a horizontal position. 
It is worked in a very simple manner by means of a rod which passes through the piston 
and cylinder cover opposite to the point where the air pump is placed. There arc two air 
pumps, one to each cylinder ; and as the air pumps are double acting, each is necessarily 
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provided with two suction or foot valves, and two forcing or delivery valves. Each of 
these valves consists of a number of indian-rubbcr discs set upon a brass plate, as is more 
fully explmned in the ensuing chapter on the details of engines. The feed and bilge pumps 
are worked in the same manner as the air pumps, and consequently the whole of these 
pumps must have the same stroke as the piston. The valves are worked by means of the 
link motion, the arrangements of which arc shown in the Plate. The steam escajies from 
the cylinder to the condenser through a large eduction pipe, which proceeds from the upper 
]>art of the valve casmg, and slopes down to the condenser so as to enable any water, which 
might otherwise gather in it from the partial condensation of the steam, to run into the 
condenser by gravity. The crunks are forged in a piece with the shaft, and are both sup- 
ported on each side of the connecting rod, a condition very necessary to the steady working 
of engines which move at a high speed, as an overhung crank is likely to twist the 
framing, so much at least as to make it unsteady, unless it be made of very great 
^strength. The condenser with the air pumps within it is not nearly so wide us the cylin- 
ders, and therefore the eduction pipes converge as they approach tlie condenser. 

The same objections which apply to engines with four cylinders, apply to a considerable 
extent to this engine also, for the trunks may be regarded as additional cylinders, so fur os 
that they present a considerable extent of cooling surface to the air. Upon the whole, 
therefore, I consider tlmt this engine would be improved il‘ the trunk wore discarded in 
favour of two piston rods arranged as in the “ Amphion.” The cylinders could then be 
brought nearer to the cranks and the length of the stroke might bo increased, while the 
same amount of simplicity would still be preserved. Engines made upon this plan will, I 
am satisfied, be more economical in friel than engines made with a trunk, and this is a para- 
mount consideration to which others ought to yield. 

Engines of the “ Conflict" — These engines, constructed by Messrs. Seaward for 
H. M. S. “ Conflict,” are almost identical in dcsigJi with the engines of the “ Tennagant" 
already described, except that they are without gearing. There are four cylinders lying in a 
horizontal position with connecting rods interposed between the cylinders and cranks us in 
locomotive engities, and two vertical air pumps of short stroke wrought by separate cranks 
in the screw shaft. 

Engines of the “ Vulcan," “■Forth," “Seahorse," and “ Mcgcera.” — These engines, con- 
structed by Messrs. Rennie, have also four horizontal cylinders, and in their leading features 
they are similar to tlie engines of the “ Conflict ” ; but the air pumps lie at an angle with 
one another and are worked by a single crank at the end of tlie screw shaft. The con- 
densers are tall flat chambers at the sides of the cylinders, and they box up the engines very 
much. The design, though evincing a good deal of ability in the adjustment of the details, 
is not one likely to find much imitation, especially as such engines would be expensive to 
construct. 

Screw Etujines by Messrs. Blyth. — These engines, which are of 450 horse power, and 
were intended for the propulsion of a screw frigate of 74 guns exhibit, I consider, a large 
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measure of en^ncering ability. The cylinders, which arc oscillating, are made with two 
piston rods, which is better than one in the case of high speeds ; and the modification also 
enables the crank to come closer to the cylinder cover, in which indeed a recess may be 
made to permit its more near approach. The screw shaft, which lies at a lower level tlian 
the shafts of the engine, is turned by means of a triangular frame, and it will be obvious 
that in this combination there can be no dead point, since one piston is in the middle of 
its stroke when the other is at the end. It would be desirable, I think, to dispense with the 
cranks in the engine shafts for working the air pumps, and to work the air pumps from the 
cranks at the ends of the shafts, witli recurved or eccentric crank pins. The engine shafts 
might then be made shorter, and in order that the steadiness of the framing might not be 
impaired, it might be made in a diagonal form, and the length of the bearings might also be 
increased. 

iSereio En<f{nes hy Mes/tn. Stothert and i^augiiter The main peculiarity of these engines 

is, that the air pumps are worked at a lower speed than tlic engines, or make fewer strokes 
than the pistons. This object is accomplished by the interposition of gearing, which brings 
down the speed of the air-p imp motion by the reverse of the arrangement used in geared 
engines for bringing up the speed of the screw. There are two cylinders placed in a 
diagonal position in a vertical plane at right angles with the keel. As both the cylinders 
stand at an angle of about 45° with a vertical line, and, therefore, at an angle of 90° with 
one another, the effect will be the same when the piston rods are connected with one crank, 
as when the piston rods of two parallel cylinders are connected with separate cranks standing 
at right angles with one another, and one crank for the two engines will therefore suffice. 
Instead of a crank, however, a disc of metal is here used with a projecting pin, and the 
shaft on which this disc of metal is fixed, gives motion to a pinion gearing into a larger 
wheel, on the side of wliich there is a pin which gives motion to horizontal rods in connexion 
with bell crank levers, which work the air pumps. The air pumps stand vertically in 
cisterns situated upon each side of the metal disc with which the pistons of the engines are 
connected. 

This engine is not likely, in my opinion, to come into use. It has been contrived to 
overcome a difficulty w'hich no longer exists, and the whole arrangement of the air pump 
machinery, therefore, involves superfluous complication. Before tlie introduction of Indian 
rubber valves for the air pumps, it might have been serviceable, but any such device as this 
is now too late. In the subordinate features of the plan I cannot discern anything that is 
likely to meet wdth imitation ; nevertheless, the engine is very compact, and exhibits perfect 
capacity to deal with such combinations. 

Engines of the "Frankfort." — These engines, constructed for the “Frankfort,” by 
Jlessrs. .1. and G. Thomson, are among the best examples of direct acting screw engines 
that wc yet possess. They arc simple, compact, and substantial, and upon the whole are a 
very eligible class of engines for merchant vessels, but for war vessels they, of course, would 
not be suitable, as they would come above the water-line. The general outline of the plan 
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resembles that employed by Mr. Nasmyth for working his forge hammer, but in the forge 
hammer the engine is, of course, single acting, and has no crank or connecting rod. It will 
be seen that there are two cylinders and two air pumps, with one hot well standing between 
them. The condenser is a large square vessel standing between the cylinders and hot well, 
and the eduction pipes from the cylinders enter it at the top, and an injection cock delivers 
water through the sides of the condenser opposite each eduction pipe. The whole of the 
other details are so obvious, from an insjiection of the drawing, as not to require further 
description. The engine is regulated from the deck, as will be apparent from the position of 
the starting handles. These engines are of 40 inches diameter of cylinder, and 2 feet 9 inches 
stroke, and the pressure of the steam in the boiler is 16 lbs. per square inch. A good many 
engines upon a plan nearly resembling this, have been made by Messrs. Caird and Co., Messrs. 
Miller, liavonhill and Co., and other makers. 

Engines of Swedish steamer. — These engines, designed by Mr. Carlsund for a Swedish 
steamer, are the same, as regards the position of the cylinders, as the engines of Messrs. 
Stothert and Slaughter already described ; but the air pumps arc worked by arms e.xtcnding 
from the pbton rods, and have, therefore, the same length of stroke as the pistons them- 
selves. The cylinders are fixed between two iron bulkheads extending across the vessel, 
whereby their weight and pressure are very effectually distributed over the hull. Jlr. Carl- 
sund’s object in this arrangement of the cylinders was to enable the vessel to be made with 
a triangular cross section, and at the same time, to get the screw shaft kept as deep as 
possible in the water. This object the arrangement very effectually attains, while it i.s not 
exceptionable in other respects. The air pumps are situated within the condensers which 
are placed below the cylinders, and the connecting rods are forked, the piston rods being 
guided by their projecting ends, which jiass through suitable eyes. The pistons are 
made cupiied, and the cylinder covers are cupped also, so as to fit into the pistons, 
and to afford room for the stuffing boxes of the piston rods. The piston packings art; 
formed in a different way than is usual in this country. Each piston is first made like a 
solid plug that will exactly fit the cylinder, and two grooves arc then turned in it into 
which rings are fitted of a larger diameter than the cylinder itself, but with pieces cut out to 
enable them to enter the cylinder as is usually done in common packing rings, and the piston, 
with these rings upon it, is then forced into the cylinder. There is, therefore, no junk ring, 
and should the rings wear slack sideways, new ones must be substituted. The air pump 
valves are of brass, yet they are so constructed us to make very little noise, even when the 
engine is working at a speed of 120 revolutions per minute. This end is attained by making 
the lower part of the valve a cone, so that the ascending water meets it gradually, and opens 
it by degrees. As the valve opens it lias to compress a spiral spring placed in a tube cast 
on the top of the valve, and this has the effect of closing the valve gradually, and without 
shock, as the pressure is withdrawn. I find that the recommendation to make the valves ol 
pumps of cones instead of discs, so ns to take off the shock, is given in Leopold’s “ Thcatrura 
Machinarum,” published in 1727, and the device probably is of great antiquity; but except 
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in the engines of this vessel, I do not know of any recent instance in which the idea has 
been practically apidicd. The wheel shown on the screw shaft and its accompanying pinion, 
are merely for the purpose of turning the engines round slowly by hand. 

Engines of ike “ Princeton.” — These engines, constructed by Merrick and Townc, after 
the designs of Ericsson for the United States war steamer “ Princeton,” are so fully described 
and delineated in Plate X., that a brief notice of them here must suffice. Engines of this 
kind were contemplated by Jlr. IVatt, and are described in the specification of one of his 
patents taken out in the last century. Hut the engines of the “ Princeton ” were the first 
actual engines made upon this plan which rose above the dignity of toys. With so much 
novelty in the design, and apparent difficulty in the execution, even a very inferior perform- 
ance might fairly have been accepted as a success. But the performance of the engines of 
the “ Princeton ” will bear a very favourable comparison with the performance of common 
engines, and I learn from Mr. Shock, to whom I am indebted for the details given in Plate 
X., that the old hull of the “ Princeton ” being worn out, a new hull has been built for the 
engines, which after the lapse of ten years are still found to be in excellent condition. The 
“ Princeton " was the first vessel ever built with the engines below the water line, and 
Ericsson’s object in fixing upon this secies of engine, was to remove the apprehensions of 
those who were fearful that the momentum of the moving parts would, at so great a speed 
as was indispensable to any engine in direct connexion with the screw, speedily work the 
destruction of the machine. This idea is now known to be visionary, though the dregs of it 
still remain in the affection for geared engines which even yet exists in some quarters. 

It will be obvious, on an inspection of Plate X., that in this engine the piston moves 
like a door on its hinges, and the piston shaft, which answers to the hinge, by being pro- 
longed beyond the steam chamber, gives motion by a reciprocating crank or short lever and 
accompanying connecting rod to the crank upon the screw shaft. The air pumps are at the 
opjmsite end of the engine, and derive their motion by means of short levers from the re- 
ci])rocating piston shafts. The piston is made tight on all the four sides by metallic packing, 
for it will be obsen'ed that the piston shaft is not at the very edge of the piston, but only 
near the edge, and the small projecting portion works steam tight on the interior of the pipe 
which covers the piston shaft. 

Engine.1 of the “ Etoile ." — These engines are also, in all their material features, after the 
designs of Ericsson ; and numerous barges and other vessels for canals have been con- 
structed by Ericsson, in America, after this plan, most of them with high pressure engines. 
There is only one cylinder in this engine, and the rods, which answer to side rods in ordi- 
nary engines provided with a cross head, act here as connecting rods, and turn round the 
shafts with which they are connected, in opposite directions. The air pump is wrought in 
jtrecisely the same way by cranks in the shafts that the cylinder uses to work cranks in the 
shaft. This is the simplest form of engine I have met with for giving motion to two 
screws, and for all vessels of shallow draft, and probably for all vessels whatever, two screws 
arc better than one. If the engine is to be high pressure, the air pump and its accompany- 
ing gearing have only to be discarded, the rest of the engine remaining as before. 
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Engines of the “ Minx." — These engines are high pressure. They were constructed by 
Messrs. Seaward and Capel, for H. M. S. “ Minx,” and resemble their larger engines with four 
cylinders, but with the alternate cylinders on the opposite sides left out. These engines 
are so simple, and all their arrangements are made so obvious by the drawing, that they do 
not stand in need of further explanation. 

Screw Engines by Mr. Whitelaw. — These engines are substantially land engines with 
an unequally divided beam, the object of which is to reconcile the realisation of a long crank 
with a short stroke of the piston, whereby any inconvenient momentum of the moving parts 
will be obviated, while at the same time there will be no inconvenient amount of pressure 
thrown upon the screw shaft. The dangers of momentum are greatly exaggerated, and 
there is no difficulty in engines being worked at any velocity that the screw requires with 
the tisual proportions of length of stroke. Nevertheless, timid engineers, whose faith in 
this doctrine is not very vigorous, will be desirous to have some species of compromise 
between the low and the high speeds, and this desideratum is afforded by Mr. AVhitclaw’s 
arrangement. 

Engines of the “ Pomone." — These engines, designed by Mr. Holm, are steeple engines 
laid upon their aide; but there are two piston rods instead of one, and the bottom of the 
angular frame is rested upon a slide to take its weight off the piston rods. The air pump 
of each engine, which is also horizontal, is worked by a projecting arm from one end of the 
cross head, and it is made double acting. The “ Pomone ” is the first vessel that was con- 
structed with double-acting air pumps laid in a horizontal position, and she is the second 
vessel constructed with the engines below the water line, the “ Princeton ” having been the 
first. The engines of this vessel are, in my judgment, a very excellent specimen of direct- 
acting screw engines ; and even at the present time I do not think they could be materially 
improved. They are furnished with a very ingenious species of expansion valve ; and a 
ring, moving steam-tight on the back of the valve casing, is fixed to the back of the valve 
to take the pressure off the valve face. The cylinders of these engines are of 46 inches 
diameter, and 46 inches stroke, and the engines make 40 revolutions per minute. 

Disc Engine. — This engine, though a good many years have elapsed since it was first 
brought forward, has not hitherto come into very extensive use ; and, indeed, very few 
engines of this class are in actual practical operation. The manner in which the engine 
works is not made readily intelligible to any one seeking to investigate the subject for the 
first time; but I will endeavour to explain its mode of action in a few words: — 

A flat disc is set in a short horizontal cylinder with conical ends, and the apexes of the 
two cones meet in a large ball in the middle of the cylinder by which the disc is supported. 
A diaphragm rises from the lower side of the cylinder up to the ball, and a slit is cut from 
tlie circumference to the centre of the disc, so as to enable it to enter the cylinder, notwith- 
standing the existence of the diaphragm. The steam enters the cylinder upon one side of 
the diaphragm, and escapes at the other side, and when the disc bears upon the upper side 
of one cone it will bear upon the under side of the other cone. From the centre of the ball 
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an arm extends to the exterior of the cylinder, which ann communicates the motion of the 
disc to a crank placed to receive it. Now if we suppose the disc drawn up against the 
steam [x>rt, and that steam is then admitted, the steam will press on one side upon the 
diaphragm, and on the other side it will seek to pass the point of contact of the disc and 
cone ; but as it cannot do this, it will force itself forward like a wedge, continually shifting 
the point of contact of the disc further back, and enlarging the space filled by the steam. 
An oscillating motion will thus be given to the disc, which is communicated to the crank, 
and the action continues so long as the engine is supplied with steam. The first disc 
engines were both leaky and noisy, but these defects have been completely surmounted, and 
disc engines now work with quite as great economy of fuel as other engines, and with a 
more equable motion, which for some purposes is an advantage. For marine purposes, 
however, I do not think they are likely to come into use. An engine of large power, and 
working with the speed proper for the screw, would be of inconvenient diameter, and a 
nicety of workmanship is required in the construction of disc engines, whicli, even with all 
the aids alTurded by moticm tools and improved inodes of working, it will be very difficult 
to obtain. 

Engines of the “ Amphion." — These engines, represented in Plate XII., are a species of 
steeple engine laid upon its side. Two piston rods emerge from the cylinder in different 
vertical planes, and also in different horizontal 
planes, and these piston rods are connected 
to a cross head moving in guides from which 
the connecting rod proceeds. An eye project- 
ing upwards from the cross head receives the 
top of one piston rod and an eye projecting 
downward from the cross head receives the 
top of the other piston rod. Fig. 187. is a 
cross section of one of the cylinders and its 
valves. The two piston rods, it will be ob- 
served, are attached to the pistons by means 
of cutters, and the packing of the piston is 
metallic, consisting of an eccentric ring with 
a V block at the joining pressed forward by 
a flat spring. The valve is of the usual three- 
ported description but is made in two parts 
bolted together in order that a perforated 
plate may be introduced as an expansion valve, 
which is worked by a separate rod, passing 
through the valve cover. There is a ring 
applied to the back of the valve which moves »«cno!> <>» 0.-11 or nn enutoKM or ime iicrmox.- 
steam-tight upon the back of the valve casing, and thus takes the pressure off the valve 
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face, — a communication between the space within this ring and the condenser being main- 
tained by means of a small pipe shown in the figure which is introduced for that purpose. 

Engines of the ^'Wa*p" — These engines, represented in Plate XIII., are common os- 
cillating engines, applied to drive a screw ; but the screw shaft runs at a small angle with the 
water line, so ns to enable the engines to be got below it. An arrangement of an endless 
screw working into a worm wheel placed on a short shaft, a pinion on which works into a 
wheel on the shaft of the engine, is employed for turning the engines by hand. The thrust 
of the screw shaft is received by a number of collars on the shaft, working into an appro- 
priate bearing near the stem ; and a handle with a suitable purchase is applied to enable 
this bearing, and with it the shaft, to be dra^vn back when the screw has to be raised out 
of the water. A vacant space between the shaft leading to the engine, and the shaft leading 
to the screw, will be remarked near this bearing ; for tlie ends of the shaft do not abut, 
but a short pipe covers the intennediate space, of such a construction that the force of 
torsion is communicated from one shaft to the other, and yet the sliaft next the screw can be 
moved on end. ' 

Engines of the “Ajax .” — These engines, represented in Plate XIV'., are of the same 
construction as the engines of the “ Niger,” already described, and in the vertical section of 
the engines the points at which the piston rods emerge from the cylinders may be observed. 
The thrust of the screw shaft is received upon a cast iron upright, applied to the end of the 
shaft for that purpose. The stoke hole of this vessel was, in the first instance, excessively 
hot, and it has been found necessary to apply a supplementary engine to work a fun to cool 
it with a current of air. 

These, then, comprehend all the remarks I have to make respecting the different kinds 
of engines, for giving motion to the screw. Upon the whole, I think most favourably’ of 
the arrangement in which the cylinders arc laid upon their sides, and the motion is com- 
municated to the crank by a connecting rod proceeding from two piston rods set diagonally, 
as in the engines of the “Amphion;” and an arrangement of this kind is one whieh I am 
persuaded will come into very extendc-d use. No doubt the details of the “ Amphion’s ” 
engines may be amended, but the general features of the arrangement are unexceptionable, 
and leave very little to be desired. 
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CHAPTER X. 


DETAILS OF THE CONSTRUCTION OF SCREW ENGINES AND SHIPS. 

In order that screw engines may work without inconvenience at the high rate of speed which 
is necessary to enable them to be attached immediately to the screw shaft, the air pumps 
must be fitted with indian-rubber valves, the bearings must be about twice the usual length, 
and the framing and every other fixed part of the machine must be of great strength and soli- 
dity. A short strobe of the piston throws a greater strain upon the crank pin and screw shaft 
bearings than a long stroke, and in engines working without a beam I consider it to be a dis- 
advantageous arrangement to make the stroke of the piston very short, as is sometimes done to 
diminish the momentum of the piston. The momentum of the piston will be very little felt 
if it be received by cranks forged in a piece with the shaft, as in the axles of locomotive en- 
gines or by any other strong cranks that are well supported, and with balance weights 
afiSxed, but if received by an overhung crank pin like that represented at the end of the 
screw shaft in the engines of the “Wasp,” shown in Plate XIII., a vibratory motion will 
be communicated to the framing at very high speeds, especially if the framing is not very 
strong or calculated to resist twisting. To diminish the momentum it will be advisable 
to make the pistons as light as possible, with which end they may be made of brass or 
malleable iron, and if the cylinders are oscillating, it will be useful to apply guides to the 
piston rod, or to make the piston rod very strong or double, as in Messrs. Blyth’s 
arrangement, as some oscillating engines, when worked at a very high speed, have broken 
the piston rod off immediately below the cap which connects it ivith the crank pin. 

Air pump valves . — The first im- 
provement in the valves of the air 
pump to enable the engines to main- 
tain a higher rate of speed was the 
introduction of canvass valves of the 
same size as the previous brass valves ; 
and to these speedily succeeded nu- 
merous small disc valves of indian- 
rubber, which act so satisfactorily as 
to leave nothing further to be desired. 
Figure 188. represents the valves in- 
troduced in H. M. S. “ Amphion,” the 
first screw vessel constructed in this 


Frf. 188 . 







f/1 

mm ^ 




!Oi 

_is?3s?=^ 


- •• 


it: 


Aim rtimr valvi* of •‘AMrmonAr 


Digitized by Google 


OF SCBEW ESGINES AND SHIPS. 


221 


country, with the engines below the water line and with the pistons maintaining a con- 
siderable rate of speed. The seats of these valves are kept in their places by means of rods 
screwed through cross heads extending from side to side of the condenser. 

Fig. 189. is a section and jig. 190. a ground-plan of the species 
of valve used for the air pump by Messrs. Penn. The air pump 
is double acting, and is fitted with a solid piston, and for each foot 
valve and each delivery valve a plate is introduced with a number 
of grated perforations, such as in Jig. 190., over each of which 
an indian-rubber disc is fitted, as shown in section, in jig. 189. 
The bent arrows show the direction followed by the water, and 
as the area afforded for the escape of the water by such numerous 
perforations is very great, the discs will be lifted only a corre- 
spondingly small distance from the plate. The number of these 
discs applied in substitution of each valve will vary with the size 
of the engine, but in an engine of 400 horse power the number 
will be about eight or nine. In such an engine, therefore, as 
there are two foot valves and two delivery valves to each air 
pump, and two air pumps to each engine, the total number of discs would be about sixty- 
four. Fig. 191 represents the kind of disc used by Messrs, ilaudslay, and the only diffe- 
ence it presents is a somewhat different configuration of the 
guard. The guard should be so made as to come into contact 
with the metal of the grated plate when the bolt is screwed up, as 
it will not answer to put the strain of the bolt upon the indian- 
rubber, else a piece will be punched out. The indian-rubber discs 
are generally about 6 inches in diameter and about five eighths of 
an inch thick. 

Bearings oj screw engines. — In Messrs. Penns’ direct-acting screw engines the length 
ot the bearings of the crank shaft is usually about twice their diameter, and the whole of 
the other bearings are also of extra length. The brasses are all lined with Babitt's metal, 
of which tin is the main constituent. Each brass is hollowed out so os to leave an inden- 
tation about a quarter of an inch deep for the reception of the soft metal ; but a ledge is 
left all round the edge of the brass for the retention of the soft metal, and a mandril being 
then fitted in of the same size os the intended bearing, the melted metal is poured into the 
space which had previously been provided for its reception. In most screw engines the 
bearings are now made in this manner, but in some cases brass is not used at all, and the 
metal employed for the reception of the soft metal may be cost iron, which will answer as well 
as brass, the thickness of course being made somewhat greater, as the strength of the cast 
iron is less certain. In the engines of the “Wasp,” represented in Plate XIII., the bearings 
of the screw shaft are of cast iron lined with soft metal, and the whole of the arrangements 
of the machinery of that vessel manifest great engineering ability. In all cases in which 
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soft metal is used in the bearings of engines I consider it to be a proper precaution to leave 
a sufficient width of the original bearing surface, whether it be brass or cast iron, to enable 
the engines to be worked even though the soft metal be melted out ; for this is an accident 
which has occurred in several instances, both in engines with gearing and in direct-acting 
engines. It is proper, also, to lead a pipe along by the side of the screw shaft, as shown 
in Plate XIII., with a cock opening upon each shaft bearing, so that a stream of water may 
be directed upon it should any tendency to heating be exhibited ; and a short hose and 
spout pipe should be attached to some convenient part of the engines, in order that a column 
of ^vater may be directed upon any working part of tlie engines which shows a disposition 
to get hot. The bearing most difficult to cool or lubricate in an efficient manner is the 
crank pin, and various modes of accomplishing its lubrication in an efficient manner have 
lieen projected ; but the best mode upon the whole ap[«ars to be the application of a small 
pipe revolving like a crank, through which a supply of oil may be conducted ; or where 
such a pipe cannot be applied conveniently, a small hole may be drilled through the length 
of the crank itself, through which the oil may be conveyed. In nearly all cases, however, 
it will be possible to apply a small pipe, one end of which turns in an appropriate socket 
in the line of the shaft centre, while the other end empties into an oil cup at the top of the 
connecting rod, which, however, is not fitted with any wick or tube. This pipe may be fed 
from a small oil cistern of a sufficient height to cause the oil to flow through the bearing 
by hydrostatic pressure, and a eock in the pipe adjacent to the cistern will regulate the 
supply. The same pipe may also be used to transmit water if desirable, and with such an 
arrangement there will be no danger of the bearing heating, so long as the supply of oil 
is maintained. Jlessrs. Maudslay, in some of their recent vessels, accomplish the lubrication 
of the crank-pin bearings, by fitting to the end of each connecting rod a sort of funnel with 
an inclined plane fixed upon one side. The oil cups are fixed in holes in a stationary cross 
bar attached to the engine framing over the cranks, and from the bottom of each oil cup 
a worsted wick depends, which sucks the oil up out of the cup by capillary attraction in 
the usual manner, and brings it in a drop to the end of the hanging thread. The funnel 
attached to the crank comes in contact with the thread at each revolution, and the oil is 
deposited upon the inclined plane on the side of the funnel, and runs into the funnel by 
gravity. It would be preferable, I consider, to let a drop or small stream of oil descend into 
the cup at each revolution, when the crank reaches the highest part of its revolution ; and 
there would be no difficulty in causing the engine, at each revolution, to open a small cock 
or valve, so that any desired quantity of oil should descend at the proper moment, to enter 
the funnel which conducts the oil to the bearing. In the “ Queen of the South ” and some 
of their other recent screw vessels, Messrs. JIaudslay make the brasses of the crank shaft in 
four pieces, the upper and lower parts being closed by a cap in the usual manner, and the 
side pieces being closed by wedges drawn up by bolts passing through the caps. In the 
engines of these vessels the cylinders lie at an angle of 45°, and work up to a single crank 
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as in the. engines of the “ Bordeaux," or in the arrangements of Messrs. Stothcrt and 
Slaughter end Carlsund. 

In most screw engines, whether working at a high or low speed, the bearings are supplied 
with oil in the manner usual in paddle vessels ; but the resources there obtaining do not 
appear to me to be of sufficient efficacy, especially in the case of swift vessels with the 
engines working at a very high speed : and as the heating of journals is a very serious 
inconvenience in any case in which it occurs, and as the propensity to heat is aggravated 
by the velocity of the rubbing surface, it appears to me to be quite indispensable that, in 
screw vessels with direct-acting engines, not only should there be a much larger proportion 
of bearing surface, so as to diminish the pressure on any given area in the projxjrtion of 
the increased velocity, but that the most effectual means of lubrication and refrigeration 
should also be provided. Large oil cups, with many wicks or orifices, will satisfy these con- 
ditions in all situations in which the oil cups can be conveniently examined or replenished ; 
but in the case of the crank-pin bearing, this cannot be done ; and means ought, in every 
case, to be provided, which will enable any quantity of oil to be supplied to this bearing 
that may be desired, without the necessity of slowing the engines for the purpose. The 
particular arrangement which should be adopted for this purpose will, in some measure, 
depend upon the configuration of the engine to which expedients for lubrication have to be 
applied ; but, in most cases, one or other of the arrangements which have been suggested 
may bo employed. 

To enable access to bo conveniently obtained, at all times, to the bearings ot the screw- 
shaft, it is necessary to surround it by a sheet-iron pipe or tunnel passing through the hold, 
of a sufficient size to enable a man to enter. It is a good arrangement, as a means of 
keeping these bearings cool, to prolong the length of the bearing sufficiently to enable a 
recess to be left in the cast-iron plumraer block, near each end, for the reception of water to 
circulate round the shaft, and, by thus always keeping the shaft on each side of the bearing 
effectually cooled, the bearing itself will be prevented from heating. Under this arrange- 
ment, it will be proper to have a supply pipe for water as before recommended, and also a 
return pipe passing to some appropriate part of the engine-room. A constant circulation 
of water will thus be maintained around those parts of the shaft which are most contiguous 
to the bearings, w-hereby the shaft will be kept cool without the necessity of any water 
except what escapes by leakage entering the hold. The necessary receptacle for the water 
may, it is clear, be formed by constructing the plummer blocks with faucet ends, into which 
glands arc fitted which do not penetrate to the bottom of the hollow space, but leave room 
for an annulus of water upon each side of the bearing surface. Whatever arrangements, 
however, may be employed for this purpose, it is proper to provide that the water which 
escapes at the bearings of the shaft shall be conducted into the engine compartment without 
any of it being spilled in the hold. 

Modes of receiving ike thrust of die screw The mode of receiving the thrust of the 

screw by the interposition of a series of moveable discs between the end of the shaft and some 
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fixed point within the vessel has been already explained, and in fig. 192. a representation is 

given of such a combination. A cast-iron box, attached 
to any convenient part of the bottom of the ship, has an- 
other box fitted within it so as to be capable of sliding 
backwards and forwards, and to be adjusted in any posi- 
tion by the key B. Within this box a series of discs (a) 
are set, composed of brass and iron alternately, and 
upon these discs the end of the shaft presses. The cis- 
tern may then be filled up with oil. When this mode 
of receiving the thrust is employed, it is necessary to 
apply a plate to the stern-post, to receive the thrust 
when the engine is backed, and it is advisable that there 
should be at least one disc there also. A more usual 
way, however, of receiving the thrust of the shaft, than 
by the application of discs, is by the use of a number 
of projecting collars formed on the shaft, and which fit 
into a plummer block properly hollowed for their reception, as has been already explained 
in describing the engines of the “ Wasp.” A perspective representation of a bearing of this 
description is given in fig. 193., and the same bearing with the cap removed is shown in fig. 
194. In fig. 195. is represented a portion of the shaft itself with its projecting collars. These 
collars are formed by turning out of the solid iron the intervening depressions. They are 
each about an inch high, with about an inch of distance between them, and they are somewhat 
rounded at the comers instead of being cut quite square. Each collar is supplied with oil 
by means of a wick connected with an oil cistern on the top of the plummer block, and a 
groove is cut across the top of the upper brass to enable the several compartments to com- 
municate, BO that, if one fails in its supply of oil, it may be recruited from the next ad- 
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joining. This bearing, and indeed all others, about screw engines moving with any 
considerable speed, is usually lined with Babitt's metal. With this arrangement for re- 
ceiving the thrust, a backing plate on the rudder post is not required ; nevertheless, it will 
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bo useful to apply one if the bearing for receiving the thrust be made moveable, as is some- 
times done to enable the shaft to be drawn easily on end ; for the plumraer block might ac- 
cidentally slip back if the engine were moved after the catch is detached, and the end of the 
screw shaft would then bore into the rudder post, and, of course, occasion injury. 

Stuffing box and pipe for carrying the screw shaft t/irough the stem Figs. 196. and 197. 


fif. IM. 



mrcxDicviJkB nenox or mix roimox or icuTr mAxxx "ooiua** 


are perpendicular and horizontal sections of the stem portion of the screw steamer “ Correo.” 
A A arc the discs for receiving the thrust of the shaft, and b is the key for forcing forward 
these discs, already represented in fig. 192., when required. The short shaft for carrying 
the screw U formed of a brass pipe, represented in section in fig. 197., into which the square 


Fif. m. 



end of the screw shaft enters and is keyed. The stuffing box for excluding the water, and 
the pipe passing through the stem, are shown very distinctly in these representations. The 
bearings of the screw beneath the water being formed on the brass pipe which carries the 
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screw, are, of course, of brass. The discs for receiving the tlirust at the back end of the 
screw, arc also visible in these figures, as well as the discs for receiving the forward 
thrust. The shaft, it will be observed, docs not bear upon the pipe which serves to conduct 
it through the vessel through the whole length of the pipe, but only bears for a certain 
distance at each end. In the engines of the “IS asp,” Plate X11I\, it will be seen that the 
shaft bears upon the pipe leading through the stern throughout its entire length ; and this I 
consider to be a preferable practice in all cases in which the screw is made to come up 
through a trunk, for the wear ivill be small in the proportion of the extent of bearing sur- 
face. But in engines like those of the “ Correo,” where the screw is not made to lift, the 
steadiness of the shaft will mainly depend upon the efficiency of the end bearing. That 
bearing is very generally made too short and too small in diameter; and not only should 
this bearing be of a very efficient character, but means of tightening and rai.sing it without 
putting the ship into dock, should be afforded. Messrs. Penn introduce a tube or long bush, 
such as is shown in Jiff. 198., into the posterior end of the pipe 
passing through the stem. This bush is lined with soft metal, 
and a small tooth or projection is left upon its exterior, which 
fits into a corresponding recess in the interior of the pipe, and 
prevents the bush from revolving in the pipe, which otherwise 
it might sometimes do. This bush, when worn, may be removed 

o urMf mn fipk at otkiih of scrkw 

and another may then be introduced. If, however, it were 

made conical with a spiral cut, it might be tightened up, as it wears by being forced further 
into the cone. AVhatever be the arrangements adopted for passing the screw shaft through 
the stern and securing it at the end, it is highly necessary that the most perfect steadiness 
of the shaft, when in operation, be attained and preserved ; as if there be any play an e.xtra 
strain will be thrown on the stem timbers, and there will be a good deal of shaking at the 
stem. To diminish this shaking, the hole in the dcadwood in which the screw revolves should 
be of sufficient size not merely to allow the screw itself to pass, but also the coating of water 
which surrounds it, for if this coating be swept off at each revolution, there will be more shake 
and also a loss of power. In nearly all screw vessels a certain leakage of water through 
the stuffing box at the stem is permitted, to lubricate the packing and to keep it cool ; and 
this water should be conducted into the engine comj>arfment by an appropriate pipe instead 
of being suffered to stagnate or accumulate in the hold. In all wooden vessels the screws 
should be of brass, the pipe passing through the stem should be of brass, and the shaft until 
after it emerges from this pipe, should be coated with brass, so as to protect the shaft from 
the corroding action of the sea water. In all vessels, whether of wood or iron, the bearings 
of the sertwT shaft immerged in the water should be covered with brass, and the surfaces in 
fact should be of brass or soft metal, in every cose in which there is attrition beneath the 
water. In vessels in which these or other cquivalentconditions have not been observed, the 
shaft has become so corroded in a few years that it has been necessary to replace it. 
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Modes of raising the screw. — It is mainly iti war vessels that it is judged advlsahle to 
Fi»* IPO voo. Fio. ijfw. ^ to raise the screw out of the 



w^ATtov or ArrAftATc* ron urrmo 
•CHEW or “ AHrmoH.” acalb 1-nrra 

IXCa TO 1 FOOT. 



OINK’XO FLAX OF AFPAIlATn FOE 

umxo ftcHEW or "AxmiDE.” 
«rAt.K l*rirTH IXCH TO 1 FOOT. 



siETAnox or ArrAkArr* 

FOE UrTTXO ATKEW OF 

“ajax." 

•CALC l*UOMTH IKCM TO 
1 FOOT. 


water, and the mode in whicli this is 
accomplished is as follows : — The 
screw is fixed, not upon the end of 
the screw shaft, but upon a separate 
short shaft which is supported by bear- 
ings fonned in a frame resembling a 
window sash which may be raised up- 
wards in guides on the stem and rud- 
der posts ; and the end of this short 
shaft is provided with a square or 
hexagonal soclset, into svhich a corre- 
sponding projecting part of the screw 
shaft fits, so that when the screw shaft 
is put into revolution the screw will 
be turned round. The general nature 
of the arrangements necessary for 
carrying into effect this object will be 
understood by a reference to Plates 
XIII. and XIV., but the accompany- 
ing figures %vill make the several dif- 
ferent classes of expedients for raising 
the screw more readily intelligible. 
Figs. 199. and 200. represent the ar- 
rangements adopted for raising the 
screw of the “ Amphion.” An upright 
key is fitted into a small cog-wheel 
situated beneath the deck, and this key 



is turned round by a cross handle resem- 
bling the handle of an augur. The revolu- 
tion of the small wheel causes the revolution 
of two other small wheels in connexion wth 
it, which last wheels are fixed on the top of 
two large vertical screws, and these screws 
being put into revolution raise up the frame 
whi^ carries the screw. In jig. 201. is re- 


presented the catch for rctainmg the screw in the vertical position while it is being raised 


out of the water. 

. Fig. 202. represents 


the arrangement for lifting the screw of the “ Ajax.” Here, instead 
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of the long screws, pieces of cost screw are introduced at intervals upon two upright 
spindles, and these portions of screws work in the sides of the sliding frame which is 
properly toothed to enable them to do so. It will be obvious that before the teeth of the 

sliding frame leave one pair of short 


Fift. 803 . and 804 . 


r*g, 803 . 


^ ^ screws they will be engaged with the 

^ next pair, and thus the same effect will 

be produced as if long screws had been 
§ employed. The arrangement represented 
in fig. 202. is nearly the same as that 
employed in the “ Wasp,” and which is 
represented in Plate XIII. In the 
“Wasp” the screws are turned by 
means of ratchets, like the arrangement 
of ratchet brace used in engine factories, 
and a very effectual motive force is thus 
obtained with but little apparatus for 
that purpose. One man may work the 
handle of each ratchet backwards and 
forwards, and there wiU be no difficulty 
in making the two men when thus 
employed to keep time so as to raise 
each side of the frame with the same 
speed. 

Figs. 203. and 204. represent the ar- 
rangement employed for lifting the 
screw of the “Dauntless.” Here there 
are two long screws employed as in the 
“ Amphion,” but they are turned by an apparatus resembling 
a winch placed upon the deck. Both the screws and the frame 
arc of brass, and the bearings of the short shaft which carries 
the screw are cased with brass to obviate corrosion by the sea 
water. A plate will be observed in these several figures inter- 
posed between the stern post and the end of the screw shaft, 
to receive the strain when the engines are reversed. 

In fig. 205. is represented the arrangement employed by Messrs. Seaward for raising 
the screw, and it is very different from the rest, as it operates upon the principle of 
hydraulic pressure. The water from a small pump, which is worked by any convenient 
means, is conducted beneath two plungers, upon the tops of which the frame rests which 
carries the screw. These two plungers, however, insU-ad of being made in the usual 
manner of the plungers of pumps, have two other smaller plungers within them, so that the 
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combination resembles a spyglass, as one tube may be drawn out of the other in the 
same manner. Now, it will obviously happen, when the pressure of the water is applied, 
that the larger tubes will rise first, carrying the smaller tubes within them, and the ascent 
will continue until the limit of the ascent of the larger plungers is reached, when the smaller 
plungers will begin to ascend, and they will, in their turn, continue to rise until they come 
against the stop provided to restrain them from going too far, or until the necessary eleva- 
tion of the screw is reached. The transverse section is made through the line ab. 

Telescope chimnies — In Plates XIII. and XIV. representations are given of the tele- 
scope chimnies of the “ Wasp ” and “ Ajax,” and in Jiy. 206. a veiy complete arrangement 
for a chimney of this kind is shown, which has been designed by 
Mr. Taplin. The manner in which chimnies on this construction 
act is so obvious as scarcely to need any description. The object 
of the plan is to enable the chimney to be shut up like a spyglass 
and lowered beneath the deck when the vessel is under sail alone, 
and the chimney is consequently made in two or more lengths of 
different diameters, so that like a spyglass they may shut up into one 
another. At the top of the lowest piece of chimney pulleys are 
attached, over which pulleys chains are passed, and the ends of these 
chains are fixed to the bottom of the length of chimney which has 
to be raised. The other ends of the chains are wound up by any 
appropriate mechanism, and as they are wound up, the chains must 
obviously lift up the internal piece of chimney. If there be still 
another length to be lifted it is raised in like manner, and the chains 
maintain the several pieces in their proper positions. If the chimney has to be lowered, 
the chains have only to be unwound, and the several pieces then descend by gravity 
into that part of the root of the ehimney which is beneath the deck. Telescope funnels, 
it is necessary to remark, have a very powerful action on the compass, and the compass 
will point in a different direction when the funnel is up, from what it will do when the 
funnel is down. It is necessary, therefore, to ascertain the error in each condition of the 
chimney. 

Ventilation . — All vessels, whether screw or paddle, stand in need of more effectual 
means of ventilation, and I consider that the donkey engine of every vessel carrying pas- 
sengers should be made sufficiently powerful to enable it to drive one or more large and 
powerful fans, but not at such a rate of speed as to occasion a humming noise. The air 
should be conducted from these fans into every cabin by means of wooden or sheet iron pipes 
led beneath the cabin sole, and provision should be made cither for warming or cooling tliis 
air as rosy be desired. It is of course necessary to take care that the air sent into the cabins 
he not drawn from the engine room, as the odour of grease and other engine room perfumes 
would thus be imparted. In warm climates, and especially in vessels crowded with pos- 
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sengers, some such means of ventilation are indispensable to health and comfort. In 1847, 
I had occasion to proceed from this country to India in the vessels of the Peninsular and 
Oriental Company, and I returned by the same route. The vessels were on each occasion 
crowded with passengers, and I found the atmosphere of the cabins, especially at night, to 
be so foul and oflFensive, that it seemed to be a successful imitation of the lllack Hole of 
Calcutta, and many nights 1 passed upon the deck. A representation was accordingly made 
to the Directors by myself and many of the other passengers, and Mr. Jackson, an engineer 
of ability, who happened to be on board, executed a drawing of a fan for ventilating the 
cabins, showing how it might be applied with little difficulty and at little expense for the 
ventilation of the cabins in an effectual manner. Our representations were thankfully 
accepted, and it was also intimated that the expedients of ventilation wc had recommended 
would bo immediately introduced ; but up to the present time no effectual expedient what- 
ever for the ventilation of the cabins of these vessels has been applied. 
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CHAPTER XI. 

THE SCREW ASD PADDLES COStBrNED. 

I AM not aware that there arc any vessels in actual existence which are propelled by the 
conjoint action of paddles and a screw, but some years ago I proposed the establishment 
of vessels of this kind, under circumstances which it will require a slight digression to 
recite. 

The Peninsular Steam Packet Company, of which the Peninsular and Oriental Steam 
Packet Company is a subsequent extension, was established by my father, the late Captain 
Bourne, who advanced more than half the capital necessary for the establishment of the 
Company himself, while the residue was chiefly contributed by his brothers and other 
members of his family. The “ Tagus,” “ Braganza,” and other original vessels of the 
Company were constructed under my direction, and they were generally considered to be the 
best vessels of their time ; but for many years past I have ceased to have any further con- 
nexion with the Company than is implied in an interest in its success, and a desire to sec it 
prosper. For some years, however, its original reputation has been on the decline: the 
original vessels had become old and slow, atid some of them had been lost, while the new vessels 
which had been added to the Company’s fleet, instead of being better than tlie old, were in 
many cases worse, so that the prestige with which the Company started was no longer 
maintained. The result of this state of things was, that various proposals for establishing 
a rival company were entertained ; and it l>ecarae obvious to me that if a rival Company 
were established one of two consequences would ensue ; — cither the new comj)any would 
got the mails to carry, or, if the old company succeeded in retaining them, it would 
only be after such a Ttecn competition, and on such stringent conditions, that the service 
would hardly repay any contractor. Under these circumstances I communicated with my 
father, who was then stilt living, and with some of the other directors of the Company, 
pointing out the course which it appeared to me ought to be pursued under the circum- 
stances related, and my recommendations were to the following effect: — 

It was quite clear that the very general dissatisfaction which had been expressed at the 
want of power and speed in the Company’s vessels was not unfounded. Here was a line, 
confessedly the most important of all our lines of jxwtal communication, on which the vcssel-s 
built ten or twelve years before were still tlie best, the more recent vessels being, for the 
most part, exceedingly slow and inefficient when compared with other successful vessels of 
recent construction. It was quite indis|H;nsable, therefore, in order to meet the just 
expectations of the public, that vessels capable of maintaining a higher rate of speed should 
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be introduced ; and as the introduction of such vessels by some party or other was inevitable, 
it would not be advisable to postpone the improvement until the attempts of rival parties had 
been so far organized, that competition could no longer be averted by any expedient of 
amelioration. All this was very clear, but the question at once arose, A^’bat was to be done 
with the existing vessels ? Attempts had been made to accelerate some of them by the 
application of feathering wheels, but with very inadequate results j and all attempts at 
petty improvement ap[>eared to me not merely futile, but injudicious, as such attempts 
involved a considerable expense, and practically left the vessels still unequal to the 
exigencies of their vocation. Now, seeing that it would be impossible to sell the existing 
vessels without immense sacrifice, and that it would be equally impossible to retain them 
unless a radical change in their efficiency could be effected, and seeing, too, that the usual 
means of acceleration had been tried, at a heavy expense, but without any material benefit, 
it occurred to me, that upon the whole, the most judicious course would be to introduce 
into each vessel a separate engine which should drive a screw working in the stem of the 
vessel in aid of the paddles, and by this arrangement it was obvious that any increase of 
power and speed might be given to the existing vessels that the exigencies of the case 
required. 1 recommended, therefore, that one of the smaller vessels of the Company, the 
“ Madrid,” for example, should liave a screw fitted at the stem to aid the operation of the 
engines ; and I found that a pair of screw engines, of the same power as the existing peddle 
engines of 140 horses power, could be supplied for about £800, the screw engines being light 
and cheap, as they would be without air pumps and condensers, and would be connected 
immediately with the screw shaft. If the result answered the expectations formed of it, a 
s imila r arrangement could, it was obvious, be introduced into the larger vessels without any 
very great expense, and those vessels would thus be enabled to maintain a rate of speed 
exceeding anything then existing in ocean steam navigation, and the dilemma in which the 
Company stood of having to discard their present vessels or lose the mail contract, would be 
dissolved. 

This suggestion has met with the same reception and the same fate ns that which I had 
previously made for the better ventilation of the vessels. At first it was looked upon in the 
light of a great deliverance, but it has since been suffered to languish and die out; my 
father’s advanced age and subsequent illness and death having prevented him from taking 
those active steps for its furtherance which otherwise he would have felt called on to pursue. 
The mechanical part of the question was referred by the company to Mr. Penn, for his opin- 
ion, whose views completely coincided with my own, the only difference being, that he stated 
them with greater clearness and force than I should have been able to do. Other leading 
engineers to whom the proposed arrangement has since been mentioned, concur in the con- 
clusions at which I had arrived. As every one of ordinary engineering attainments will be 
able to form a judgment for himself ujx>n this subject, I shall here recount the nature of 
the intended arrangements, and the extent of the benefit which, according to my estimate, 
would have been obtained. 
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I have already mentioned that, if tlie power of an)' given vessel be doubled, her speed 
will be increased nearly in the proportion of the cube root of 1 to the cube root of 2. 
A vessel, therefore, wliich maintains a speed of 10 knots with any given power, will main- 
tain a speed of about 12^ knots with twice the power; and I proposed that the power of all 
the Company's vessels running on important lines should be doubled wherever the usual 
speed did not exceed 10 knots an hour. Now this duplicature of the power I proposed to 
accomplish without touching the existing engines at all, and, as I have already mentioned, 
I proposed to apply a screw in the stem of the vessel, which was to be driven by a separate 
direct-acting engine of its own. The screw engine would not have had either air pump 
or condenser; but the steam from the boilers was to enter the screw engine first, and 
after having given motion to it, would have passed into the paddle engines, where it 
would have been condensed in the usual manner. By this arrangement, the steam would 
have been used twice over, and twice the amount of engine power would have been exerted 
in the hour, without any increase in the consumption of coal. To enable these arrangements 
to be carried into effect, it would be necessary to work with a higher pressure of steam 
than has heretofore been employed in tlicse ves.sels ; and I projwsed to use a pressure of 
about 25 lbs. on the square incli, which was about three times the pressure then employed. 
To enable this pressure to be used with perfect safety, I proposed that the boilers should 
be circular, such os Mr. Penn has since put into the “ Hydra,” which may be worked up 
to 30 or 40 lbs. on the square inch, if retjuired. It would, of course, be impossible to put 
any such pressure as I proposed to use upon the existing paddle engines, as it would have 
broken them down ; but the steam was to act, in the first instance, uix>n the pistons of the 
screw engines, after having given motion to which, it would pass into the paddle engines, 
and be there condensed in the usual manner. There is, therefore, only the same quantity 
of steam to be generated under the new arrangement as under the old, and it would be 
generated, of course, with the same quantity of coal ; but, after having been employed in 
the cylinder of the screw engine, and been there expanded down to that point of elasticity 
with which the paddle engines at present work, it was to be conducted into the paddle 
engines and to work them in the same way as if steam of that elasticity had come direct 
from the boiler. The proposed arrangement, therefore, is analogous to that of a Woolf’s 
engine ; but, as the engine employed to drive the screw would work at a high velocity, 
it would be smaller than the high-pressure cylinder of a Woolf’s engine, in the pro- 
portion of its increased speed. 

It will be obvious, from the exposition I have given in the foregoing pages of the mode 
of action of the screw in the water, that a screw acting in aid of paddles would work far 
more efficiently than if it were employed alone to propel a vessel ; for, as the vessel is, at 
all times, moving through the water from the action of the puddles, the screw will always 
have a column of water, of a considerable length, to act upon at each revolution, and the 
slip will be diminished in consequence. And as, by the operation of the paddles, the action 
of the screw is amended, so will the action of paddles be amended by the action of the 
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screw. For, since the vessel will pass faster through the water when an auxiliary screw is 
added, the paddles will gear into a greater length of water in a given time, which, as it 
will possess more inertia without any more pressure being employed to move it, will be 
operative, to a corresponding extent, in reducing the slip of the wheel. In fact, both pro- 
pellers will act constantly under the same favourable circumstances as if the vessel were 
always sailing with a fair wind, for the screw is virtually a fair wind to the paddles, and the 
paddles are a fiur wind to the screw. 

It will further be obvious that, by adding to a paddle vessel a screw engine of the same 
power as the paddle engines, the total power of the vessel will be somewhat more than 
doubled; for, when the speed is increased from 10 to 12^ knots, the speed of the paddle 
engines will be inereased also, so that they will give out a fourth more power than before ; 
and the increased speed of vessel due to this small increase of the power will, in its turn, 
somewhat increase the speed and power of the screw engine. But this increase of the 
power I have not thought it necessary to reckon, seeing that it would only be obtained with 
an increased consumption of fuel, and that the speed of the vessel will not increase quite so 
rapidly as the cube root of the augmented power. Now, if the speed of the vessel be 
increased one fourth, and the consumption of fuel, per hour, only remains the same, it is 
clear that the vessel will require one fourth less fuel for the accomplishment of a given 
voyage. Instead, therefore, of the vessels employed upon the Indian line having to carry 
about 600 tons of coal, they would only require to carry 450 tons for the performance of 
the same voyage under the proposed arrangement, and the weight thus saved would fully 
compensate for the extra weight of the screw engine and screw. 

From these considerations it appears beyond doubt, that by the proposed mode of 
acceleration, about one-fourth more speed would have been obtained with a smaller con- 
sumption of fuel, and without any increased weight in the vessel. The only topic remaining 
for consideration, is whether boilers using such a pressure as 25 or 30 lbs. would be quite 
safe in steam vessels, seeing that the boilers of steam vessels sometimes get incrusted with 
salt, when, possibly, the furnaces may get red hot. Now it is quite clear that any boiler 
which is suffered to get red hot, from whatever cause, will be productive of danger ; but 
such an occurrence is a very rare one ; and I consider that the risk of salting nmy be ob- 
viated by an expedient mentioned to me by Mr. Penn, as a suggestion of Mr. Spider's, and 
which appears to me to afford a perfect security against that danger. Thb expedient 
consists in the application of a feed pump, which is purposely made too large to supply the 
quantity of water requisite for the generation of the steam, and which is not provided with 
any means of shutting off the water, or allowing the surplus to escape. It will follow, con- 
sequently, that a good deal more water will be sent into the boiler than what can be raised 
into steam, and the surplus must be blown out by the engineer ; or a self-acting float may be 
applied to the boiler to permit its escape when the level of the water rises above a given 
point. With this simple provision it will be impossible that the flues of the boiler can ever 
become incrusted to an inconvenient extent, whether the boiler is leaky or not, and any objee- 


Digitized by Google 



SCREW AXD PADDLES COMBINED. 


SS.'i 


tion based upon the supposition of such a possibility must of course disappear when the pos- 
sibility itself no longer exists. The question, however, is not so much whether boilers with a 
pressure of 25 or 30 lbs. may be made as safe as boilers of a much lower pressure, but 
whether they may be made as safe as boilers with nearly the same internal pressure, but 
which are by no means adapted to sustain it. In modem sea-going steam vessels 20 lbs. on 
the square inch is a very frequent pressure, and in a few instances the pressure is us high as 
25 lbs. These boilers, nevertheless, have flat sides, and depend for their strength upon stays, 
which, after some time, corrode, and may even be eaten tlirough, leaving the boiler in a 
very unsafe state. The pressure, indeed, is always, reduced in these vessels, as the boiler 
gets into a state of dilapidation ; but such an adjustment rests the responsibility of the 
safety of the boiler upon the engineer, and is a practice likely to lead to accidents. Instead, 
therefore, of loading the boiler at the first to its maximum strength, and gradually reducing 
the pressure as it gets into disrepair, it appears to me to be by much the safest course to 
make the boiler of such a construction, at the outset, as to enable it, without the aid of 
stays, to withstand a very much higher pressure than is put upon it, and it will then continue 
to be safe even when old and worn. This accordingly is the course which I proposed to 
pursue, and it still appears to me to be the most eligible that could be adopted. 

Such, then, were my recommendations to the Peninsular and Oriental Company, while 
there was yet time to avert the injurious consequences which have since ensued. After 
great vacillation and delay they were eventually neglected. A rival company was formed 
which competed with them for the conveyance of the mails, and the result is, that instead of 
19s. lOd. per mile, which they formerly obtained for carrying the mails from Calcutta to Suez, 
they now only get 6s. per mile. At the same time an increased rate of speed has to be 
maintained, which is, of course, tantamount to a further reduction of the payment. In fact, 
their position upon the Red Sea line is now this, that they would be better without the 
mails than with them, as the mere expense of the increased quantity of fuel necessary to 
realize the increased speed which they have undertaken to maintain, will swallow up the 
whole of the government subvention. To increase the speed of a vessel from 8 to 10 knots, 
it is necessary that the engine power should be doubled, and under any other arrangement 
than what I suggested, the consumption of fuel will be increased in about the same pro- 
portion as the increased power. Now taking the average cost of coals on the Red Sea line 
at 50s. per ton, including labour and waste, and the average consumption per hour at 
30 cwt. in the existing vessels, there will be about three tons per hour burned with 
engines of double the power. The cost of fuel will, therefore, be at the rate of 7f. 10s. 
per hour, or 15s. per knot, supposing the power to be doubled, as will be necessary 
to realize a minimum speed of 10 knots. This is between 6s. and 7s. more than the 
present cost of fuel per mile, so that the whole sum given by government will, on this 
line, barely cover the additional outlay for the fuel necessary for the maintenance of the 
increased speed. But the increased cost of fuel is only a part of the new expenses which 
must bo incurred to realize this increased speed, since it can only be given by new vessels. 
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It is a condition of the new contract that the vessels, before they are accepted for the 
service, shall be able to accomplish a speed of 12 knots, at the measured mile, when sunk to 
the load water line. This appears to me a very proper condition, as it ensures the services 
of vessels of an efficient character, instead of leaving a constant loophole for inefficiency by 
casting the blame of delays upon the weather instead of upon the ship. Of the whole of the 
Peninsular Company's fleet of thirty ships, it is, however, doubtful if there is a single one 
capable of satisfying this condition. Here then, notwithstanding the large expense incurred 
for repairs and microscopic ameliorations, — the “ Bentinck” alone having cost from 35,0001. 
to 40,0001. in this way, and most of the other large vessels similar sums, being, in fact, more 
than could be got for them if they came to be sold, — there remains the same inability as 
before to realize the speed necessary for the proper performance of the mail service, and 
new vessels must after all be built. What then is to be done with the old ? Upon lines 
where a high rate of speed is not required they are incapable of maintaining a competition 
with screw vessels. Upon lines where a high rate of speed is required they are unable to 
achieve it. If sold, they will bring very little, for no one stands in need of such vessels. If 
retained, they will be only so much lumber representing a lai^e capital but of little actual 
worth. Even these, however, arc no longer the most momentous topics for consideration. To 
achieve the higher speed necessary under the new contract for the conveyance of the mails, 
vessels of greater power must be employed, and while the receipts are diminished and the 
e.xpenses increased, a dividend must, at the same time, be paid upon a larger capital. The 
average duration of the Ked Sea passage by the Company’s vessels, for 12 months ending 
1851, was from Calcutta to Suez 28 days, and from Suez to Calcutta 24 days, including 
days of arrival and departure, and stoppages at Madras, Galle, and Aden. The average time 
both wa)'s will therefore be about 26 days; and, allowing 4 days for the stoppages at Madras, 
Galle and Aden, and for the unconsumed portion of the days of arrival and departure, 
which will be about the proper allowance, we shall have 22 days for the duration of the 
voyage under steam. The distance from Calcutta to Suez is 4757 knots, which gives an 
average speed of 9 knots an hour. Now vessels maintaining on average speed of 9 knots will 
be able to engage to give a contract speed of 8 knots with a tolerably fair assurance of being 
able to keep their time, though it would.be desirable that the difl^crence between the average 
and contract speeds should be greater than this. The contract speed being, in point of fact, 
the minimum speed, except where some very unusual circumstances of retardation occur, it 
is clear that the average speed must, in common cases, considerably exceed it, else the vessel 
will be perpetually behind her time ; and on any line exposed to vicissitudes of wind and sea, 
the difference of a knot an hour between the mean and contract speeds is the least that can 
be safely allowed. An average speed of 9 knots therefore will answer to a contract speed of 
8 knots; and if the contract speed be increased to 10 knots, then the average speed must be 
at least 11 knots an hour. If then it be the fact that on the Red Sea line the increase of 
the contract speed from 8 knots to 10 involves an increased expense for coals which con- 
sumes the whole of the government contribution so that the existing vessels could realize 
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the same profits at their present speed without that contribution as vessels of the power 
necessary for the attainment of the increased speed \rith that contribution, then it is clear 
that screw vessels with auxiliary power will realize larger profits still, and tliat such vessels 
if set upon this line will, in point of fact, be much more profitable without a contribution of 
6s. 4^. per mile, than vessels requiring to maintain an average speed of 11 knots on hour can 
be with that contribution. Passengers, indeed, will, other things being equal, prefer swift 
vessels to slow ones ; but if screw vessels on the Red Sea were to work in conjunction with 
the vessels of the Austrian Lloyd's from Alexandria to Trieste, passengers would be able to 
proceed by this line firom Calcutta to England in about the same time as if they proceeded 
in the vessels of the Peninsular Company from Calcutta to Southampton. What was lost in 
time on one side of Suez would be gained upon the other side, so that the total duration of the 
voyage would be much the same in both cases. The expense of the voyage, however, would 
be much less by the screw vessels, and those vessels moreover would be able to carry cargo, 
whereas in the vessels of the Peninsular and Oriental Company at present plying between 
Calcutta and Suez, about 80 or 100 tons of cargo is all that can be conveyed. Heretofore, 
indeed, it has been supposed that screw vessels could not ply advantageously in the Red Sea, 
which is a narrow tract of water with the wind blowing down it for 1 1 months of the year; 
and with the inability to tack, and with these winds necessarily ahead in one direction, it 
was concluded that, of this sea at least, paddle vessels would retain the monopoly. In the 
permanency of any such impediments, however, I never had the least faith ; for, although 
heretofore screw vessels have been unable to proceed head to wind without a most extrava- 
gant expenditure of fuel, or, if of small power, have been unable, under such circumstances, 
to proceed at all, I have always been confident that this defect would be corrected, and in 
the foregoing pages the means for accomplishing this correction have been pointed out. 
Henceforward the Red Sea may be navigated by screw vessels with the same facility as the 
Mediterranean, and such vessels will certainly supersede paddle vessels in all cases in which 
the paddle vessels are not supported by a government contribution sufficient in amount to 
cover the increased expense incident to their employment. A contract which engages to 
give a high rate of speed for a small rate of mileage is on incumbrance rather than a benefit ; 
and whereas heretofore the terms of the contract for the conveyance of the Indian Mails 
gave the Peninsular and Oriental Company a virtual monopoly of the Eastern Seas, the 
conditions are now so completely changed that any new party could compete with them on at 
least equal terms. I cannot come to any other conclusion than that this consequence would 
have been in a great measure averted if my recommendation for the acceleration of their 
vessels had been adopted at the time it was given ; and, if this bo so, any one who has pre- 
vented its adoption, without the realization by any other or better means of the benefits it 
promised, has certainly incurred a grave responsibility, and has disentitled himself to con- 
fidence in his future representations. It is vain to contend with physical fact, for, although 
it may apparently be stifled for the moment, it will at length manifest its existence by the 
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consequences which it entails. Some of the consequences of this fatal error are visible 
already ; others 1 foresee, but I will leave their revelation to time. 

These comments have extended themselves to such a length, that the remarks I have to 
offer respecting the comparative advantages which vessels propelled both by the screw and 
by paddles would possess relatively with those presented by vessels propelled by either the 
screw or paddles alone, must be dispatched very summarily. It is only in the case of vessels 
intended to maintain a high rate of speed upon voyages of considerable length, that I would 
propose to employ both the screw and paddles ; but in those cases the combination has very 
obvious advantages, if the comparison be made with that measure of efficiency which screw 
and paddle vessels have heretofore respectively attained. Paddle vessels when deeply laden 
are unable to exert their power with good effect, whereas under those circtunstances the 
screw acts in its best manner. On the other hand, a screw vessel set to encounter a head 
wind wastes much of the engine power in slip, and the performance would be improved 
under such circumstances if half the power were withdrawn to work paddles, since not only 
would the paddles act in such a case with greater efficiency, but the advance they would 
give to the vessel would enable the screw to act with greater efficiency also, os it would be 
perpetually coming into a fresh body of water, whereby the slip would be reduced. A 
vessel, therefore, propelled by paddle engines of 500 horses power and by screw engines of 
500 horses power, would be more efficient when deep than the same vessel propelled by 
engines of 1000 horses power driving paddles, and more efficient when set to encounter head 
winds tlian the same vessel propelled by engines of 1000 horses power driving a screw. In 
fact, by the proposed combination a higher average measure of efficiency would be attained, 
and in so for as the screw engines would be lighter and more compact than paddle engines 
of the same power, a further benefit to that extent would be obtained also. The paddles 
moreover would not require to be of such inconvenient dimensions as if the whole power had 
to be transmitted through them, and yet a very effective hold of the water would be 
ensured. Should either the paddles or the screw be deranged by any accident and bo 
unable to work, the vessel would still be able to proceed by the remaining instrument of 
propulrion at a diminished rate of speed. Upon the whole, therefore, I am of opmion that 
vessels constructed on this plan will be better than if propelled solely by paddles, and they 
will be better also than vessels propelled solely by the screw, if the mode of applying the 
screw be the same as that which has been heretofore in use, but they will not be better than 
vessels propelled solely by the screw if the screw be applied in the manner I have recom- 
mended, so as to enable screw vessels to proceed, in an efficient manner, against a head wind. 
It is mainly, however, os a means of accelerating the speed of existing paddle vessels that 
the plan is to be recommended, and I do not know of any mode by which on effectual measure 
of acceleration can be ensured with so small a disturbance of the existing mechanism and at 
so small an expense. In reflecting upon the various means of accelerating vessels when I first 
entered upon the consideration of this subject, other modes, as may be supposed, suggested 
themselves of accomplishing the same object. One of these modes was the use of feathering 
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wheels, and the reduction of the diameter of the wheels, so that a higher velocity of the 
engine would be obtained. But this expedient, it was obvious, would only fall into the cate- 
gory of petty ameliorations, since it would be impossible to reduce the diameter of the wheel 
very much in vessels of a vaiying immersion without introducing other evils, and it did not 
appear advisable, moreover, to increase the speed of the engines very much beyond that at which 
they then worked, as many of the arrangements were not suited to a high velocity. Another 
idea was to interpose gearing between the engine and the paddles ; but this expedient had 
much the same objections as the preceding ; and if either of these plans could have been 
carried into effect, it would have been necessary to increase the area of the floats in the pro- 
portion of the increase of power, else the slip would have been augmented. In both of these 
plans, moreover, the consumption of fuel would have risen in the some proportion in which 
the power was increased, whereas by the application of an auxiliary screw in the manner 
1 contemplated, the increase of the power would not have occasioned any increase in the 
consumption of fuel, but, on the contrary, the consumption of fuel per mile would have been 
less than before. In all cases, therefore, in which it is esteemed desirable to increase largely 
the speed of a paddle vessel, that object will, in my judgment, be best attained by the intro- 
duction of an auxiliary screw, worked by direct-acting engines, which receive steam of a 
considerable pressure from boilers of appropriate construction, and transmit the steam in an 
expanded state to the paddle engines to be there condensed in the usual manner.* 


* Tho remarks cootained in this chapter were 
written in 1852, and now, in 1854, tbo luae of events 
has alTordcd to them a larger and more speedy conOr- 
rnation than I could have expected. The Peninsular 
and Oriental Company, at iu last general meeting, waa 
unable to pay n dividend, and it has aince then applied 


to the Government to be relieved of the mail^ontract, 
which application, however, has been refused. Tho 
disasters 1 predicted have no doubt been aggravated 
and hastened by the recent high price of coal, but they 
would equally have ensued, even if no increase in the 
price of coal had taken place. 
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CHAPTER XH. 

RECAPITOLATION OF D0CTBINE8 AND CONCLUSIONS. 

In this chapter I propose to present a brief r^sumd of the principal doctrines and deductions 
set forth in the preceding pages, to the end that even the cursory reader may be enabled to 
form a tolerably just conception of their general character. The more important topics will 
thus be brought into relief; and, at the same time, a bird’s eye view of the whole subject will 
be afforded. 

Resistance of bodies moving in water — In the case of very sharp vessels, the resistance 
appears to increase nearly as the square of the velocity, but in the case of vessels of the 
ordinary amount of sharpness the resistance increases more rapidly than the square of the 
velocity. In the “ Pelican,” when the speed was increased from 6^ to 9^ knots, the resis- 
tance increased as the 2‘28th power of the velocity, and this increase of the resistance 
appears to be due to the difference in the level of the water at the bow and stem which the 
progress of the vessel occasions. In canals there is an enormous increase of the resbtance 
from this cause, and the same result ensues in shallow water; so that vessels intended for the 
navigation of canals or tracts of shallow water should be very much sharper at the ends than 
common vessels. The resistance of a vessel varies very much with her size ; and, indeed, in 
steam vessels of good shape, the resistance at ordinary speeds appears to be chiefly caused by 
the friction of the bottom. The resistance will, therefore, be increased with the extent of 
moistened surface, but an extension of the moistened surface in the direction of the length 
will not occasion the same increase in the resistance as its extension in the direction of the 
breadth, since the water it comes in contact with is already in motion. In all vessels the 
perimeter or outline of the immersed cross section should be made as nearly a minimum as 
is compatible with the other conditions which have to be observed ; as, other things being 
equal, the resistance will vary in nearly the same proportion as the length of the immersed 
perimeter. In vessels of similar form, but of different sizes, the velocity attained with the 
same proportionate power will vary as the square root of any linear dimension, so that the 
resistance per square foot of immersed section will vary as any linear dimension, or, in other 
words, it will vary as the length of the immersed perimeter. To diminish the friction of the 
water upon the bottom of ships, it appears to me that it would be advisable to interpose a 
thin stratum of air between the bottom and the water. Such a stratum of air could easily 
be forced out through a slit in a pipe laid on each side of the keel, and I consider that an 
effectual means of lubrication to the bottom would be thus afforded. It would be necessary, 
I may remark, that an excess of air should be thus forced out, in order that the desired 
effect might be produced ; for not only would the air be compressed by the hydrostatic pres- 
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sure of the water, but a part of it would be also absorbed by the water. Slow sailing ships 
might also be accelerated in their speed by forcing out such a stratum of air at the stem and 
stern ; for the air would both open the water more gradually at the bow and fill up the 
vacant space at the stem, whereby an artificial and elastic bow and stern would be formed. 

The resistance per square foot of immersed section of the “Rattler” is aljout 25 lbs. at a 
speed of 10 knots. In the “ Pelican,” a smaller vessel, of which the dimensions arc given at 
page 142, the resistance was estimated by Messrs. Ilourgois and Moll at 30 lbs. per square 
foot of immersed section, at a speed of 9^ knots. In the “ Minx” the resistance jtcr square 
foot of immersed section was found to be 41 lbs. at a speed of 8^ knots; and at about the 
same speed I estimate the resistance of the “ iJwarf” at 45 lbs. per square foot of immersed 
section. The resistance of the “ Faon” and “ Fairy” I estimate at from 50 to 00 lbs. per 
square foot of immtTSc<l section, at a speed of from 12 to 13 knots an hour. These great 
variations of the resistance per square foot of immersed section show that it is not the ele- 
ment by which the resistance should be measured; and the perimeter of the immersed section, 
or, in other words, the length in the cross section of that part of the skin of the vessel ex- 
posed to the water, would, it appears to me, be a [)referable standard in every respect. 

Comparative advantages of paddle and screw vessels. — In smooth water, and with both 
vessels in their best trim, screw and paddle vessels are of about equal eflScicncy, or rather the 
advantage rather lies with the paddle, though the difference is so small as to be of no prac- 
tical account. In deep immersions, screw vessels, however, have a very decided advantage; 
but paddle vessels again have a very decided advantage in the case of head winds. Screw 
vessels, when set to encounter head winds, are most wasteful of jKiwer, but I have discovered 
a means of remedying this defect, which consists in sinking the screw deeper in the water, 
and placing it further forward in the dead wood ; and with these modifications screw vessels 
will not be so wasteful as paddle vessels when contending with strong head winds. Up to 
the present time, however, paddle vessels have a decided advantage over screw vessels in all 
cases in which a strong head wind has to bo encountered ; and if the comparison be made 
between the feathering wheel and the screw, instead of between the radial wheel and the 
screw — which last species of wheel the foregoing comparison supposes to have been employed 
— the advantage on the side of the paddles, so far os regards efficiency, will be still more 
decisive. Screw vessels, however, as they will be hereafter constructed, will, in my opinion, 

' be found preferable to paddle vessels under all circumstances ; and, if this view be correct, 
paddle vessels must be abandoned for all purposes of ocean navigation. The whole question 
turns upon the power of constructing screw vessels which shall be as efficient os i>addlc 
vessels, or more efficient, n'hen set to encounter a head wind. And I have no doubt whatever 
that this end will be attained by the means which I have proposed for that purpose. 

Nature and laws of slip . — Slip is of two kinds — positive and negative ; but as the latter 
is only an accidental phenomenon, it is the first alone to which it is necessary here to attend. 
Positive slip is made up of two parts, of which the one is lateral slip, and the other retro- 
gressive slip. Lateral slip is the lateral penetration of the jcrcw blades; retrogressive slip 
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is the backward motion of the water, owing to its deficiency of inertia to resist the force 
which the screw applies. If the column of water upon which the screw acts were frozen, 
there would still be baekward slip, ns the inertia of the water would be just the same as 
before, but there would be no lateral penetration of the screw blades, and, therefore, no 
lateral slip, except in so far as the column of water was put into revolution. The lateral 
slip will, in all cases, be reduced by increasing the length of the screw, but the friction of 
the screw will be increased in the same, or in a greater proportion. The retrogressive slip 
can only l>e reduced by increasing the quantity of water acted upon, and this may be 
accomplished by increasing the diameter of the screw or the speed of the vessel. It may be 
still better effected, however, by increasing the immersion of the screw, as more water will 
then be acted upon without increasing the friction of the screw. The mode of distinguishing 
the lateral from the retrogressive slip is explained at page 176. In any given vessel the 
per centage of slip is about the same at all sjieeds ; for though at high speeds the thrust of 
the screw is greater, yet the quantity of water with which the screw comes into contact is 
greater also. If, however, the thrust of the screw be increased without an increase of the 
speed of the vessel, there will be a large increase in the slip. The slip will also be increased 
by reducing the length of the screw and by increasing its pitch. If the pitch be increaseil 
in geometrical progression, the slip will increase in arithmetical progression, and this result 
will equally follow, whatever length of screw is employed. Screws with many blades have 
somewhat less slip than screws with few blades ; but they have also more friction, and, to 
give satisfactory results, the pitch should be larger in the proportion of the number of 
blades, and a large diameter of screw should also be employed. 

Thrust of the screw The thrust of the screw will depend conjointly upon the pitch 

and the force exerted upon the screw shaft to put it into revolution. The limit of the 
screw’s thrust, computed on the supposition that it is not subject to friction, may be easily 
determined on the principle of virtual velocities, as in the case of a screw working in a solid 
nut ; but as part of the rotative force is intercepted by friction, the actual thrust will never 
be so great as the theoretical thrust, but will be about one-fourth less. I have generally, in 
the foregoing pages, imputed this diminution of the power to the operation of friction alone, 
but, in truth, a part of it is imputable, in the case of most screw vessels, to the existence of 
lateral slip, as I have explained more fully at page 176 ; but as the lateral slip may be 
almost extinguished by increasing the length of the screw, and as the same loss would then 
be caused by the increased friction os is at present raused by the lateral slip, it is clear that 
the two elements are, in fact, convertible, and, in the cose of screws with many blades, the 
difference between the theoretical and actual thrust is due almost wholly to friction. 

Friction of the screw The difference between the theoretical and actual thrust of the 

screw shaft, as shown by the dynamometer, will fix the amount of deduction which must be 
made for friction and lateral slip. The total amount of slip, whether lateral or retro- 
gressive, is given by the difference between the advance of the screw and the advance of 
the vessel; and if we find the velocity which the thrust exerted upon the sc^e^v-shaft acting 
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(luring the time of one revolution would give to a column of water of tlie same diameter 
as the screw and the same length as the pitch, then, by subtracting this quantity from 
the total slip, we shall obtain the amount of lateral slip. Since, then, we know the total 
amount of j>ower consumed in friction and lateral slip, and since also we have determined 
the amount of lateral slip, it will be easy to determine approximately the amount of power 
consumed in lateral slip, and the residue will be the friction of the screw. The amount of 
power consumed in friction and lateral slip will vary from between a third and a fourth 
to between a fourth and a fifth of the whole power developed by the engines, but this includes 
the friction of the engines as well as the friction of the screw. 

Centrifugal Action of the Screw The friction of the screw and the lateral pressure 

of the screw blades put the column of water, upon which the screw acts, into revolution, and 
a centrifugal action is thus produced which finally expends itself by raising the level of the 
water at the stern. Heretofore, in screw vessels, when towing or set to encounter head 
winds, a most wasteful expenditure of power has been produced from this cause ; but I 
propose to render the power thus fruitlessly dissipated available for the propulsion of the 
vessel, by placing the screw far fonvard in the dcadwood, or rather by using two screws 
set far fonvard in the run, which, whenever the vessel was impeded and their centrifugal 
action was thus brought into play, would cause the upward current, bj' pressing against the 
inclined plane of the ves-sel’s run, to force the vessel forward, in the same way as a ship 
is forced forward by the pressure of the wind upon an oblique sail. By this arrangement 
the forward pressure upon the vessel would always be proportional to the resistance en- 
countered, and therein screw vessels would have an advantage over paddle vessels, the 
forward pressure of which is a determinate quantity which cannot be increased. Serew 
vessels, under this arrangement, would be able to eontend with head winds which paddle 
vessels could not face, and the innovation will be particularly valuable in screw vessels with 
auxiliary power, which heretofore have been totally incapable of contending with a head 
wind. 

Measure of efficiency in screw vessels. — The measure of efficiency in screw vessels is 
the dynamometer power, or rather the nearness of its approach to the indicator power. 
This, however, it is clear, is only a measure of the efficiency of the engines and screw, but 
not of the hull ; for, of two vessels with the sa:ne indicator and dynamometer power, one 
may carry more than the other, or attain a higher speed. The dynamometer power is the 
thrust upon the shaft in lbs., multiplied by the feet per minute, passed through by the 
vessel, and divided by 33,000. The proper measure of the efficiency of a vessel is the 
number of tons which each actual horse power of the engines will transport through 
10 knots in one hour, and the larger the vessel is, the higher will be the j)crformance in this 
respect. 

Comparative efficiency of different kinds of screws. — The comparative efficiencies of 
different screws will depend a good deal upon the qualities of the vessel to which they are 
attached, and also upon the dimensions of the scre'(vs themselves. If, from the fullness of 
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the vessel or the small diameter of the screw, there is much slip, then a screw with a pitch 
•'ncrcasing both in the direction of its length and in the direction of its radius, and with the 
arms slightly bent backwards towards the stem-post, will give the best results. But if the 
screw be so proportioned to the vessel that there is little slip, then a screw with a uniform 
pitch will give as good results as any other kind. Screws of two blades, four blades, and 
six blades appear to be about equally efficient ; but the greater the number the blades, the 
greater should be the pitch. 

Jiest proportions of screw. — Screws of two blades are usually made as large in diameter 
as possible, and the pitch is made about equal to the diameter, or a little more, and the 
length about one-sixth of the pitch. As the size of the screw, relatively with the midship 
section, is increased, or as the resistance of the vessel is diminished, so may the pitch be 
increased, and the length of screw diminished. The best proportions for screws of two, 
four, and si.x blades, if constructed on the ordinary principle, is given at page 165. The 
ordinary principle, however, stands greatly in need of emendation, and, in constructing a 
screw vessel, these are not the elements I should employ, though they will enable results to 
be arrived at at least fully equal to any which have heretofore been obtained. 

^fode of predicating the speed of a screw vessel. — The speed of a screw vessel with 
a screw proportioned in the usual manner, or os explained at page 165, will be about the 
same as the speed of a paddle vessel of the same power, form, and size; and the mode of 
detennining the power necessary to produce a given speed in a vessel, or the speed which 
will be derived from a given power, is explained at page 105. Having ascertained what 
vessel in the table given at page iii., in the Appendix, the proposed vessel most nearly 
resembles in size and form, take the corresponding co-efficient given in the third last column 
of the table as the co-efficient of the intended vessel. Multiply the number of actual horses’ 
power by this co-efficient, and divide the product by the number of square feet of area in 
the immersed section of the vessel. Extract the cube root of the quotient, which will be 
the speed of the intended vessel, in knots, per hour. 

Influence of the form of hull. — The form of the hull is perhaps the most important 
question connected with the efficiency of screw vessels, and the most material condition to 
be observed is to make them fine in the stern. Both ends, however, should be made very 
sharp, and the vessel should be made very long, and should be broad at the water line, and 
with some flam of the side, in order to enable her to bear the action of the sails without 
being careened too much. The portion of the vessel immersed in the water should be made 
without flat surfaces in it, and the bottom should not be flat, but should rather approach in 
tlie cross section to a compromise between a semicircle and a triangle, the semicircle being 
the form which has least friction and the triangle being the form which has most stability. 
To illustrate the importance of a proper sharpness being given to the stem, the following 
facts may be here recapitulated: — In 1846 the “Dwarf,” a vessel with a fine run, was 
fi'led out in the stem by the application of three successive layers of planking, so as to alter 
the shape to that of a vessel with a full mn. Prior to the alteration the speed of the vessel 
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■was 9‘1 knots per hour, the engines making 32 revolutions per minute. The effect of the 
filling was to reduce the speed to 3'25 knots per hour, with a speed of the engine of 24 
revolutions per minute. One layer of filling was then taken off, and the speed rose to 5'75 
knots per hour, the engines making 26‘5 revolutions per minute. WTicn the whole of the 
filling was removed the speed rose to 9 knots as before. Care was taken in this experiment 
to bring the filling into conformity with the lines of the vessels, so that there should be no 
roughness or abruptness to aggravate the evils of a full run, yet the result was a declension 
to one-third of the original speed. Again the “ Sharpshooter” and “ Rifleman ” were sister 
vessels of 486 tons and 200 horses’ power, but the “ Rifleman " was made with a full run and 
the “ Sharpshooter ” with a fine run. The speed of the “ Rifleman ” was found on trial to 
be 7’9 knots, and of the “Sharpshooter” 9'9 knots. The “Minx” and “Teazer"were 
sister vessels of about 300 tons and 100 horses’ power, but the “ Teaser ” was made with a 
full run, and the “ Minx " wth a fine run. The speed of the “ Tcazer ” was found to be 
6'3 knots, and the speed of the “ Minx ” 7'8 knots. The stems of both the “ Rifleman " and 
“Teazer” were sharpened subsequently to these trials, and the 100 horse engines of the 
“ Teazer " were, at the same time, put into the “ Rifleman,” while new engines of 40 horses’ 
power were put into the “ Teazer.” Both vessels went faster than before. The “ Rifleman ” 
when sharpened at the stem attained a speed of 8 knots with engines of 100 horses’ power, 
whereas she had before only attained a speed of 7 "8 knots with engines of 200 horses’ power. 
The “ Teazer ” when sharpened at the stem attained a speed of 7-685 knots with engines of 
40 horses’ power, whereas she had before only attained a speed of 6-3 knots with engines of 
100 horses’ power. The engines of the “Teazer” when transferred to the “Rifleman” 
drove that vessel nearly 2 knots an hour faster than they had previously driven the smaller 
vessel, an amelioration chiefly consequent upon the sharpened form of the stem. 

Influence of the size of hull. — Next to the form, the size of hull is one of the most 
important questions that can engage attention, as it has a most important influence upon the 
efficiency. The capacity of a vessel enlarged symmetrically increases as the cube of any 
increased dimension, the sectional area increases as the square, and the resistance only as the 
dimension. A ve.ssel therefore of double the length, breadth, and depth will have eight 
times the capacity, four times the immersed section, and only twice the resistance. In the 
“ Jlinx” the resistance per square foot of immersed section I estimate at about 71^ lbs., at 
a speed of 10 knots an hour; whereas in the “ Rattler,” a larger vessel, the resistance per 
square foot is only 25 lbs., at a speed of 10 knots an hour. Large vessels of good form will 
be able to carry merchandize more cheaply than small vessels, and they will also be able to 
realize a higher speed. To realize the same speed under steam alone, a vessel of eight times 
the capacity will only require twice the power, and the sails of the larger vessel will be much 
more effective, since, in fact, a larger amount of sail power relatively with the resistance ivill 
be applied. 

Operation of the sails. — The operation of the sails wll be better and more effective in 
vessels of good form and large dimensions, than in vessels of bad form and of small dimen- 
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gions — that is, any given area of sail will communicate more mechanical power to the ship 
with any given force of the wind. In order that a vessel may be able to sail very close to 
the wind, the surface of the sails should be quite flat, and the soils should have holes in 
them, or be mode like a Venetian blind, as the sails of vessels are made in China. A con- 
siderable measure of elasticity, moreover, should be given to some part of the rigging 
intervening between the sail and the hull ; and if the yard, instead of being fixed immediately 
to the mast, were to be fixed with a sliding eye to a short bowsprit, which the yard might 
run up or out upon, the necessary elasticity would be attained. The sail might return 
either by gravity, or by a spiral spring, like that of a railway buficr, enclosed in the bowsprit, 
which might be formed of a hollow iron tube fixed to the mast with an eye, on which it 
would of course require to swivel in the manner the yard now does in common ships. 

Steam vessels on canals and in shalloic rivers The resistance of steam vessels upon 

canals and in shallow waters of every kuid is enormously increased if a considerable rate of 
speed is sought to be maintained, as will be seen by a reference to page 200 ; and for the 
eficctual supercession of this difficulty, it is necessary that such waters should be navigated 
by vessels of a totally diflerent construction from that of common vessels. The expedient I 
have proposed for that purpose is a train of shallow barges articulated together, so as to 
constitute a single long and narrow vessel, and the end barges would require to be exceed- 
ingly sharp and shallow, so as to displace the water in a very gradual manner. The steam- 
engine, instc-ad of acting upon the water, would act upon the ground in propelling the vessel, 
whereby slip would be obviated, and a better result obtained. 

Iron and tcooden ships Iron ships appear to be in all cases the most advantageous, 

except where the vessels have to continue for six months or upwards in a tropical climate 
without any opportunity being afforded of being docked ; and, for those cases, vessels with 
iron ribs, and planked with Malabar teak, appear to be the best. Where Malabar teak, 
however, cannot he got, other woods may be employed. Iron ships may be kept free from 
fouling for six months by the application of Mallet’s partially soluble poisonous paint. A 
paint of this description is compounded by Mr. Peacock of Southampton. 

Mode of constructing the hulls of ships All ships, whether of wood or iron, should be 

built on the proportions of a hollow beam ; and the strength, therefore, should be chiefly 
collected at the bottom and the deck, as these are the parts which must take the strain, 'fhe 
sides need not be so strong os the bottom and the deck, and tlie deck should be built on to 
the ship in the same manner as the bottom, instead of being made a mere platform which 
may at any time be nailed down. The decks of iron ships should be of iron, which may be 
covered with the species of cement employed in China for covering decks, and wliich answers 
its purpose in the most efficient manner. In vessels as at present constructed tlicrc are too 
many ribs, which give no longitudinal strength, and are mainly useful in keeping the hull in 
shape ; but this function fewer ribs would perform. A rib to every beam is sufficient, and 
rib and beam should be made in a continuous piece, which should encircle the vessel like an 
intenml lioop. 
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Cost of conveyance in paddle steamers of large power, screw steamers with auxiliary power, 
and sailing ships. — Supposing the vessels to be in each case capable of carrj'ing the same 
quantity of merchandize, the cost per ton carried will be about three times greater in the 
jiaddle steamer than in the screw steamer ; and in the sailing ship the cost per ton carried 
will be about one-third greater tlian in the screw steamer. Screw steamers, therefore, can 
carry more cheaply than either paddle steamers or sailing ships ; but tliis result does not 
arise from any superior efficacy of the screw os a propeller. It is the result of the use of a 
low profwrtion of steam power, which, without entailing much direct expense, produces a 
large benefit, by enabling the wind to act more efficiently upon the sails ; and it is the result, 
also, of the superior form of hull which has been introduced simultaneously with the screw. 
Latterly a very superior class of sailing vessels has been coming into use, which, even with- 
out a screw, realize a high average rate of speed ; but I believe it will be found advisable 
to introduce screws into sailing vessels even of the best class, as they will be thereby enabled 
to carrj' more cheaply, and at an increased rate of speed. 
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APFENDIX. 


]PB&70aMAXVC£ 

OF SCREW STEAM VESSELS IN HER MAJESTrS NAVY. 
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EXPLANATION OF THE TABLES 

or 

TUB DniENSIONS AND PERFOBMANCE OF THE SCREW STEAM VESSELS OF HER MAJESTT8 NAVT 


Ths fnr«goiag uhlei exhibit t)M priadpel dimctuducie end the Rctael 
perfonneiKo ^ the whole of the aenw Acain Tcnela in Her 
nerr. The 6nK ubk giree the dinieniions of the huUi end me* 
chinny of the WTcrel veeeek ; elso the dreoght of wjiter at the coo* 
ftrurtor'i deep iotmenioa, the erce of mklship section of that pert of 
the vcstcl irntncnecl tn the water at the conatroctor’a deep unraenuun, 
or what b sometime* termed the loed water line, the premare uf 
the steam in the boiler, or wriglu per square inch aim Use safcijr 
valve; the nominal power uf the engince, and other similar qoantitici 
ur dimetudoru of a ftxcd and invariable character. These Mvcral 
AnLt are ao clearlj set forth in the table, that anj of the particulars 
reconled will, on intpcctinn, be at once apprehended, and further 
cxplanatkm of the coatenu of this table, tlw^efure, does nui appear 
to lie required. 

In the sectmd and thinl tables, the perfunnance of tlte screral 
screw I«eam vuwels In Her Mnjcatj's navr, as asccttairml at different 
timet ly experiment, is set forth. And berc it will bo UMcrved, that 
the power exerted and the speed produced are not the same in all 
the different trials, Iiut in some cate* a better, and in other cases a 
wnne, resnlt appears in the different experimenu recorded i showing, 
where there hu been no change in the screw icacUi either iluu the 
\ewel has derJirnHi ffnmi her original speed, pertia{« by a gradual 
lapse into disrepair, or else dial, aAcr the original trial, certain ml- 
jiintnienis have been mndu in tlw machinery or form of the veawl. by 
which a Ixtier pcrfunnancR has been obtained. Thus in 1^45 the 
speed uf tl)c Fairy was I3*ff34 knots per hour, and in 1847, 11'81M 
kiHt* per hour, — thoactaal iw indicate*! t*»wcr bdng 363-8 burw* 
in the one case, and 33 1 '4 h>jncs in the nttur; bat in the first trial 
the diameter of the icrcw was &fb 4 in., and in the second trial 
6fl. 2 in., *o that i1>c difference ia tho result must be auributeil, 
ia some measure at least, tu the diffbreot site of screw empluyed. 
In the ffnet trial of tlie Termagant, the speed was 9*166 km** 
per hour, and in tlte next trial only 6*518 knot* per huar. the cf* 
fdctire or indicator power being 1245-3 burse* in the first rase, and 
734 in tho fecund ; but as tbcae trials liK>k place within a few 
months of one another, the falling ulT cannot hr huputed to disre* 
pair of the machinery, but must rather he attributed to the oso of bml 
cool, or other accidental cause*. In the 6r<( trial of tho Ajax the 
epoed was A-4S8 knoU per boar, and in the Mcood trial 7*147 kjiou 
per luKir, the indicator power being 878 7 borsc* in the ffn* t-xperi- 
ment, amt 845*9 hones in the second experiment, —au iluit here we 
have marc »|>ecd produced in the second experiment, with Icm 
power. Uut in the tirst experiment, the diameter uf the screw being 
16 it., the pitch was 20 ft. { whereat, in the second experitnent, with 
the same diameter, tin! pitch was 17 A 11 in., showing therebr that 
the smaller pitch was the mun: ailvanugvxiaa. In the ffrst trial uf 
the I)auntlc», the spee«l wu 7-366 knots per hour, and in the 
Second trial 10*293 knots per bmir, the artuul or indicator power 
being 810*9 and 1818 horsirs respectively. In the IMicenix, the 
■peetl on tbc fitxt trial was 7*IU6 ktsot*, with 383-4 actual buntes* 
power, ami on the third trial tin speed was 8 -74 knuti, with 488-9 
actoal hurscs* power. In other cose* a similar result may lie oh* 
Mrred. vntnetimm accoinpinic*! with a cliangc in the dimenskma of 
the screw, ami in oilier cases not t the diffb^uce in the latter cIam 
of easm being expUc^dc, on the snpputiiiou that from srunc dclke* 
tire adjustment i>f the engine, or from the use of btul coal, the vctuwl 
in the (iru trial was not working with her largest efficiency, llie 
mo't remarkaUe of the results are those cxhitnteil by the Uiffeman 
and Teaser. In tlw finn trial of tlie Rifliinan the spccil attuned 
was 8*096 km4s, with 34B-.3 actual burses* p«nrer, ami m the third 
trial the speed muim'd was 8*011 knot*, with 188 actual boTNa’ 
power, — the dinmetcr and pitch of the screw Iwing the same in lioth 
cast*. In the first trial nf the Toucr the speed attairred was €-315 
knuu. with 175*6 actual hnrw**' power, and in the second trial the 
speed aiuuned was 7*^5 knoc*. with 128*3 actoal horses' ptiwer. 
In both of these resneU wc liave more speed produced in tlie second 
experimems than in the first, and with less engine power, nutwiih* 
standing that tike hnmerviun or draff (rf* water rt-maiiH'd witluaii al- 
teration. This result b to be imputed to the circiiinsunrv tltat. offer 
the rumplction of the ffrst cx^icrinicms, and befuru the commence* 
meut uf the socund. the sums of both vessels were ntadu fiiwr, and 
the itnpruved p^rfnrmaiKH.* is to be aRributccl to thi* improvement of 
the run. The Rifleman, it will he seen, is a vessel uf 486 tons, and 
was tiriguially of 2W horses’ power tbc Teaser is a resecl of 296 


tons, and was originallr of 100 hone** power. Both of the veael* 
were originally too full in the stem t the itenia of both were tliere* 
fore sharpened, and, simiihaneoualy with this alteration, the lOO 
bone power engine* of the Toucr were pot into the Rtfferaan, in 
MibstitutioQ of that veMel'* original enginea, and new engine* of 40 
hone*' power were put into the Teater. Both veiMU went faftcr 
than befure : and the TeaseF* engine*, when trantf erred to the Rifle- 
man, drove that rctsd nearly two knou an hour {bMer than they hod 
preriutuly driven the amaller veaael, tho* proving the groat import- 
ance of an eligible furm of hull. 

It will lie remarked that both the nominal and the Indtcaied 
power of the several engine* are given in the tahlcak and it la right to 
explain that these qoantitie* are totally diffTerent, and indeed inconw 
pnmblr. The noranta] power of an engine expreaaea pc^ariy iu 
riici and when a vcaecl i* spoken of as of ao many bonm’^pow^, or 
when engines are bought or «4d for a certain sum per bom power, 
it is the Domijul power which i* always intended to be exprtiacd. 
In my ** Catechiam of the Steam Engine,* I have given rales and tahice 
for finding the nominal power uf an engine, and also for finding tho 
dimensiuns of engine answerable to any prcacribed nominal power. 
I liave aho explained there the means of ascertaining the actoal or 
effective puwer uf an engine hj the aid of the indicator. It will be 
seen by the foregutng lalika, that the ratio between the nominal and 
actual power of an engine is very variable, and is indeed not eon- 
scant in the mutk* engine at different tinac*. Fur the nominal power 
remains the same, whether the engine is working cfTcctivcly or 
otherwise i whereas the actual power U an expreasion of the efficiency 
with which the engine worka In cast* where the enginci have 
been taken out of any of tbc vcasel* mentioned In the table*, and 
other CRgima uf a different power have been introduced, the circom- 
tionce will be nuule apparent by referring to the culamn of nominal 

r ower, wlicre the ncmunal power of b^ engine* will be found, 
n tlie whulc, or nearly the whole, of the ve*ad* e num erated in these 
table*, the screw employed is a twoUa led screw of a uniform pitch. 
In the Fairy a three- bloded screw lias been ia somo case* employed, 
and in other cose* a two-bladi-O screw, ami screws of different kinds 
have also been urcanonally used in some of the other veasclsi but these 
cases arc cxcciiriinuil, aud the twti-bhuted screw of a nniform pitch 
b the screw mloptod in the navy. The slip of tbc acrew exprocse* 
the differenre between the advanre actually made Iw the idiip, and 
die advance whkh wonld be miulc if the screw waned in a solid, 
like a bolt workiog in a nut llio amount of slip varica from 45 
per cent to 9, and in some cases it is leas than nothing ; or, hi other 
wupU, the vcascl actually, advances faster than if tlw serew were 
working in a solid. An explanation of the cauae of this myatcriosi* 
Bctiim will be found in the budy of the work. By the acrew'* diac i* 
iDoani a disc or circle uf the saOM diameter Jq whicli the 

points of the screw Umic* rwolvo. 

The cube root of the siiuare of the displacement of the veaael ia 

cxpfcaocd by (displiicctncnt)L *od AM. Sec, 

' ' ^ ' Nominal Power 

speed In knots per hocr cubed, multiplied by the hnineiwed scctioD of 
Che vessel in square feet at the time uf tnal, and divided by the nomi- 
nal power. Inviead uf the nominal power, the indicator power is 
cmpU^eil in some of the cutunms, and the remit is to give co- 
cfiicicnu uf greater utility ; for die cuefflcirats thus obtained indi- 
cate the quality of the vcsacl's iha|ie.^tbc best vesreU, other thing* 
being et|ual, having the largn* corffficicnia. The cocfflcieiits thus 
deriveil by multiplying the «|xx;d cubed by the sectional area and 
dividing by the iiMltcator power, shows that the Rattler and Reynard 
are among the shape* for speed of the screw vessels in the navy, 
ami iliat the Hicnheim and Ajax are the w<3rst. By a reference to 
Tabic HI. it will be seen that the coefficient of the Rattler in the 
first esperimrnt is 651*5. of the Reynard 624*6, of the Ajax 239-9, 
and of the Blciihcim 154*7. The first corffleient of the Teaxer waa 
1 18*9, luring Worse than that of the Blenheim i but when the Teaser 
had been made finer at tbc stem, the cudSdent roue to 89S*4,-> 
still a bad result, bnt mach better than before. The first coefficient 
of the Kiffeman wu 253*6 ; but after that vessel had been made finer 
in the run, the coeflk'iei'it rvae to 531*9. The*c indicaiions do not 

I apiicar to vary niatcriidly when die cuvBU'ieut mluptcd ia the speed 
cubed muUipl^ by the cube rwU uf Use stpuire of the displacement 
ami dividnl by the uuUrated power, as will be seen by a reference 
to Tabic IIL, where a c-jlumn of such results is given. 
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FRENCH SCREW STEAMER “ PEEZCAN.** 
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K hoar. Th**e reMiii* ba>« bno edKaioed t>y repreaetMiue, by mnwii <rf rarre*. th« 
of Ibe pTofVTMiiwi bi ih* qtiaalJil** ewumerated. ai awertaliied by (be 

eaperlokewt*) aiHl (ben drawof other curve*. «wh tbe pruficr aJUiaa&cw foe 
dio«rb>B« InSiiciwee, (h« ea.«*duuie* |lre«i la Table V. ha«« been determtoed 
The eo e<Rci*Bt of tbp la a frartionai part af (ho pitch aben the pitch i* conthlend 
a* unity. The vitch. theec^e. ma)ti(dled by (be oa^e-fllcieM of iSip, «r*e« a quantity 
whbb. If Uiro from (bo p4leh, Icavr* a* a reeult the advance rued* by Iba 
thmuBh Ihe water |n roroluMow of ih* arrea. Tbu*. lakhif ibo Srtl flftir** whwb 
occur m Table V., w* thall fed Ihat 1'3f)l x Ri73m'S<4314 i and tbit quantity, take* 
from t-SGl. lea*** 1-00, ahkh I* (be advam* made by (be veM.! thnaigh tb* water 
per reroitilUiii of (be »rr*w. It I* idhrWHit*, mreeaver. that by adding Ih* advance to 
thealip we oM tfaejiltcta of theMTOw. Th> *. l'tM^<7**U.3«* f.31. 'I he dlBhreiKe 


mean* (bo naaa gre** preMurr la Ibe cylinder* mitto* ft ceb- 


-WSC Ibt. per a^uar* farii, dlvidal by the muHIple of tha 
fearing, and (hi* TtwuHlag iiowber agatn divided by tb* *quare of the number of 
fercUiilom of (be *rrew p-r *er<ind. Thi- whnfe expreMkn rvprearnt* (be eireethw 
pre«aure nrceMary la he cianeo to the erbndei* ed eoglaM eoniHarted directly wWi 
the arrea ahaS to niaha Ih* »eraw perLm ntt* rrviduiWit t«r *eraw^ and ba*. 
UMcafure. the •amv value a*lbecBpre*»*oa P^. which 1* freqaently uiied la (It* body af 

the work. The (actor tneaiM (be iquare of Ibe number <d rwrolutkiii* of tb* 

(crew per tecwid dl««l«d by ibe gr^< pmaure of (be Uaam In ryimder* eownected 
hnmedMtely wllb tbe xrew »batt whm dnotnnhrd fay ■yHfH Ibe. per •qu*r* iiieh. la 
eome of the caiuttiui af ih* table* (bi* dedwetMn m Acvatrmdcr a of inercuTy (or 
frvtlan b aot laade. but tb* gro*» pre*>ur* U taken a* rxprvMed liy p. 

The velechlea of (be wImI m in4tie» per **eomJ, whirb aniwer to Ibe exprrutlon* 
u»ed to tbn roiuena wbkb take* atn^wnl of the »Ut« o( the *mhI and *«a are aa 
t-Cel * ‘ - - - 


- . - . f.lh>»*s— Calm, Os a'mo«l ralm. 0) I gbl aim. |-4t (alM or emtie br*Mr, *i light 

Irtml of tlip and Ibo artiiel *llp M that the «o.ettctiti( of clip fare***. 4'ft i pretty ittoog bteeie. (Srong brrete, 6» plea*ant gale. 7->i bmli 
the pilch 40 he 1. wbpreae Ibe ariwal vlip aupyiu*** the |Mirh to hr eapmatd gaictS. 
mStrea, or otbrr kuoun mcarurc* which repeexat lU octwii ainount. I 
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ACCOUNT or THE PBHFORilANCE OF THE UNITED STATES SCREW PBOITXLER STKAMSUll’ 

OF WAR “SAN JACINTO.” 

Br Ctnxr Ekciitkbr B. F. himwoot*, U. S. Navt. 

[Tbe foUoviof; very able paper, deacriptiTe of the performance ef the I'Dttcd State* var acrew aleamer ** San Jacinto" haa been 
eoturtbuu4 by Mr. laherwood to the ** Franklin Jounud," and i hare taken the Ubert** to introduce it here with aunke altridg* 
menu ttnd annotationsj 


The ** San Jacinto " U one of the foar atcam «hipa of war com- 
meoeed by the U.S. Ooreminent in 1847, eia. the “ Powhattan." 
** Suaqneluana,** ** Saranac," and ^ San Jnctnio ; all of which, 
with the exception of the firet named, bnec been compleied. With 
the exception of the “ San Jacinto," they all have the conuucm 
paddle wheel The ** Saranac " and ** San Jacinto " are of pre* 
Cicely the aame diiDencions and model, the intention of the irovern' 
mrnt bring to make the two vecseU ac nearly identical as |Kmcible, 
in order to try the relatiTe meriu of the two cyetemc of 
propokioo. 

In the **8an Jacinto" the axil of the propeller chaR b 30 
inchec to port from the centre of the chip. It wac the original 
intention to place the propeller abaft the rudder, and to notch 
the mdder to allow it to act without coming into contact with the 
ahaft i bet thii plan baring been cuhceqnently eontidvreil oli]ec> 
tionable, another arrangement had to be adnpt^ 

In the new arrangement the ptnpeUrr wac placed next the 
item poit of the Teasel, and a metallic mdder was cnrrvd over 
and abaft the propeller, being attached to the stem ptwt above 
and below the propeller. The inTentioo of this item arrange* 
mcDl wac made by mycelf and adopted by the board of Naval 
Eogineera.* 

• A timQsr amaffnMK had pmtoaily been arapoasd hr Mr. ttoln fnr the 

PrwKli war Kosaar ** resona,' and la rvprataotad 1b oaa ii tha pUiei ot the 
iwtaiat verk. 


E’njnMT. ^ The engine! concUt of two inclined cylinders with 
vertical air irumpc { the croas heads, being placed at the opper 
extremity of the cylinders, arc ooonocted to a dotible cct of 
CRuiks 1^ two connecting rode to each croea head. The enginee 
are connecud by drag liokc. The cylinderc are inchec 
diameter and 4 feet 9 inches stroke of |HStoo. Sjmee diaplaceineoi 
of both pistona per stroke, 179*64 cubie feet 

//<*i/cra. — The boilen are of copper and three in number ; 
they contain in the aggwgate 196i cooare feet of grate, and 
6960 square feet of healing sur&ce. 'niry are of the doable 
return drop due variety. Cracc area or calorimeter of first fiuca, 
35 square feet t of ceeot>d flora, 33 cquarc fret of third flnec, 89 
iM|iiare fret ; area of smoke chimney, 34 cqoare fret; height of 
ditto above grate, &3 feet ; pmportioa of hearing anrface per cubie 
foot of cylinder, 17] square fret 

The three copper boilen of the "Saranac," which were de* 
signed by Cbac. W. Copeland, oontain 5137 square feet of beating 
surface, and 1S8 square fret of grate snrfree. The boilers of the 
** Saranac " are of the aamc length, breadth, and bright ac those 
of the " San Jacinto.” 

ProptUfr. — The propeller oririnally intended to have been em- 
ployed was 14| feet dluitrter, 4f feet long on axis at periphery, 
whh an iaittal pitch of 35 feet, expanding to 40 fret at the poste- 
rior end. The area, viewed as a disk, was I IM square fret Tba 
beliooUbl arva was 339 square fret number ot bladsc, six. 
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ATPEIJDIX. xxiii 

SCREW STEAM PACKET "PELICAN"— 


m^crc is 10^S4 M|aare fMt; and a centimikre is 0*39371 Eni^lish iocbca.) 
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Tbe prnpcUer executed for tbe ▼e«el vta 14j feet diameter, 
4 feet lofig on axis at periphery, 4 feet long on axis at a diaouirr 
of 7| feet, thence tapering to SJ feet long on axis at hub, vith an 
initial pitch of 40 feet, expanding to 43 feet at tbe posterior end. 
Tbe area, vieved as a disk, vaa 63*43 square feet. The belicoidal 
area was 113*677 stioare feet; number of Uades, four; space 
between the front ed^ of the propeller and tli« stem post of tbe 
vessel (ieA for the n^der), 6 feet. The proliaUe slip of the pro- 
peller was ostiniatod at 23 per wot 

Tbe alteration of the relative positions of the rudder and pro- 
peller. was for tbe purpose of diminUbing tbe leverage of the 
propeller weight on iia abaft and on the stcni of the vessel, as 
It Imd DO outboard support Tbe weight of the brouc propeller, 
as cast and pJaerd in tbv veasel, was 14,694 pounds. Tbe weight 
of the Sirvens' bixmse pmncller for the U. S. ^eaaubip 
•* Princeton,'* wm 1&,9<V poonda It was 14J feet diameter, 5 feci 
long on axis at peripher}’, and composed of six blades, having a 
pitch of 32*44 feet. 

Per/urMcMcc. —The **Sao Jacinto" being hrongfat to a drnaght 
of 15 fetft 7 inches forward, asd 15 feet 9 inches aft. was tried in 
New York Hay. OcL 1, 1351. She made, in ranning a distance of 
17) statute milea, taken Atmi tbe chart published by tbe U. States 
Surrey Office, 9*95 statute milca p^ hour against a strong 
wiod on tbe port bow, tMimaied by the experienced pilot on 
bnard. as eqoivalent to a rvductkia of speed of one mile per hour. 
The tide was about slack at starting, but toward tbe dose was 
ahead. Tbe speed of tbe vcawl in snw>otb water and a calm 
would therefore be 1 1 statatc miles per boor. Mean revtdations 
of the screw per minute. Si. 

With tbe ioiaal pilch of the screw 40 feet, the slip would be as 
fbUowat 


40 s 31 X 60s74,400 feet per bouraspircd of screw. 

5280 X llwsSS.OSO „ BSpecd of veaael. 

16,320 „ sslip of screw. 

or 21*935 per cent 

With tbe final pitch of the aerew 4S feet, the slip would be as 
follows: 

45 X 31 X 60=ap3,700 feet per hoor = speed of screw. 

5280 X lls58.<^ M ssspeed of vessel. 

35,620 n rwalip of screw. 

or .’M‘609 per cent. 

Tbe mean slip would therefore be ^ I ^ s 26 *27 per 
cent 

Tbe mean effective steam preasure on the pistons •, by ia> 
dicator diagrams taken frnm tup and bottom of each cylinder, 
was 16*29 pounds per aqoare inc^ the hone power developed by 

tbe engtDM would therefore be ^ " 16-89 x4^ fljjjlL? 

^ 33000 

— 782*45. • 

A dynamofnetcr was fitted to the screw tbafl, and gave a mean 
thrust of 12.6151 pounds; the power exerted in propelling tbe 
vessel would therefore be 

I2815| X 966 (speed of vessel in feet per minute ) v, 

330O0 "* 

* Bf pTMAire.** h tht term l« b«te «ppbr4, Mr. am«rv 

t«re«swi thr iBMiA ucbatMiml t>r*«iijr« rxtKln/r wutiln the qrlindirr. s* »Ko«rn 
^ Ibv iBdieatar. In OiU rooBlrr the rxrmilaa U mpfe 7 «S to »ls«>hr that 
prMwire ln» l| Um- vUcli !■ rvckocml w sSn'ist* sltwsoc* for Ih* frtcUoa 
of the wglm. e 


Digitized by Google 


XXIV 


ArPKxnix. 


If we now wtimiOe the power required to work the engine*, 
OTercotne the l«d oo the sir pump, &e., »t 3 lbs. per aquare inch 
of ttenm pisliHi*, an eetimation that will probwhij rarj hut little 
fh>ro the truth, we shall bare 90 06 horse powit abaorlied in 
working the engines alone. Taking from Morin's expcrimeDta 
the friction of the load at r ^ per cent ot the power si»plicd. and 
oouHtderiog the power applied to bo that developed by tM engines, 
minuji tluu absorbed in working the ODgine*. we hare for the 
power absorbed in the frktiuo of the load, SI *48 horses- 

Collecting the above, we have tlic following for the disposition 
of the power in the **8ao Jacinto.** 

Slip of the screw, 36-37 per cent or SOS'M horse power. 


Propelling the vessel. 48-04 

„ „ 375-93 

M'orking the engines, 13-28 

« M 9S’06 

FrictHM of the tuad, 6 -5B 

» » &1'48 ,* 

lAWving to be ah* 


anrbed in tbe friction of 


the screw surface an the 


water, and the direct 


resistance of the edges 


of blades, &C,, 6'83 

„ „ 53-44 

100-00 

782'45t 


From the above table it will be perceived that the total losses 
of )M>«r«r byr the screw were. 96'37 per cent, of the total power 
developed by the eogiues in slip, and 6-83 |«r cent, in the friction 
of the scri'w siirfoec in the water, Ac., making 33-1 per cent. 

It may be supposed that the slip of the **Siut Jacinto's** screw 
was too great for the best economical eUTect, and that if greater 
surface bad been given to it* a better result wniiM have followed. 
This ofMoion, though plausible, is not snstained by ex]*erit»eQt. 
The best proportioned Krvwi. aseeruined from a trial of many, 
for giving tlte bigltest s))«edi of vessel, were found in the sm j| 
exprrinirntal vessrU, ** Archimedes” and ** Dwarf." to have slips 
of 33 and 30j per cent. The screw giving the highest result in 
the experimental vmrl. ” Napoleon, *' had alto a slip of 35 ps-r 
centt which was likewise about the slip of the screw giving the 
best result is the Rattler.”^ 

In using any propelling instrument for the tTunsmission of 
power, a pmnlun of that power is nnavoidabty lost in mtNippli* 
cation. In the ctHnmon paddle wheel, ihU misapplication consists 
in giving a retrograde mntiuo, in a direction parullel to the vessel, 
to the water acti-d on by the poxldlea, termed slip, and in a vertical 
deprcMioD and lifting of the water, termed oblique actiuo ^ the 
total losses by (be pa^lc wheel being the sum of the Inaccs by slip 
and oblique action. In the screw, there U the same hws by slip; 
but the Urns by oblique action, which does not exist with the senrw. | 
is rt-plaecd by another, «Li., that of the friction of the screw sar- . 
face on Uk‘ water. The total loMes by the screw would then be | 
the sum of the losses by slip and frictiou. | 

li has been ascertained by experiment, thxt the friction ofsoRd | 
surfaces on water is directly as the surface and as the square of its ^ 
velocity.* In the same screw, then, with equal velocities, the 
friction is as the surface t but the slip is by no means as the snr* 
bee, but in a far less propoftion. to be ascertained only by experi* 
meiit. The only reliable experiments made with this view, that 
I am in possession of, are those by Bourgois, made by order of the 
French Governmrat; and one of them is nearly a parallel case to 
the origiQ^lly proposed and actually executed screws of the **8an 
Jacinto ” Bourgins tried a screw of 6 blades, having a surface of 
khs of the area of the diameter of the screw, viewed as a disk. 
Till' slip olvUtncd wax 37 per ceitt. Two of the blades were now 
onit(«d,aod the remaining four placed c<iaidisUuit. Tbe screw in 

* Tliii i« SMMw (han s lufficWot sllmsAC* fnr M4!o«r)' taftnM. 

f Ttto l«M br frirtinn is ini* i« *xrr If tb* imw of (Web 

erlia<t<v br 3 (Km 9 *a'<srv tarbet, the «nw of lb* to* «ilt be SISas t^uarc 
t* rt i» ». and ibi* ■ulrifdied l>r the )(rrfivrc of ISV lb«. xt*e* s t«>tal <m ibe 
SMbxH of 9d.bV3 IIm. T>>i* load m«vM tfamush a aii*r« of S $s fevi evorjr 
revoluit.-m, ohlcb l> eqoitaUeU to 1*001 lbs oioved IbriMtl* f<*t' If. there, 
Cuir. the enfinei aad kvc* roo'ed onhoo* frietton. Che thnitf eablbittd l>r 
Ibr dTnawMimeu* would be Ix.SOl tb*. But tt k f'.'wnd bf etserlmewt to b* 
weir Sl.si-V} lb*. aatU tbe djtfefrMV U loat (aatnt|! bf frlRton. Tata tas toaa of 
of Ch« engtoe power, or a loa« of 940 Horae* ; aad tf bcalde* iHli Itier* 1* a 
lua* of soas hnrte* (rnm altp, the (ntal toaa u SIS S hortaa, leatlaf «mI/ 1M V> 
a*r»»* fnr th* oropuklow nf ih* rmarL 

t In lb* t^le of eupnUsuwt* upnw iH* '* fUitler,'* pri*e« at }u«e ISS. it wtll 
be aeea ibat (be iilftit-sl itevd «m atiatnnd wHe« itir allp «aa abuuC 10 per c«ai. 

J Df Beaufuj-t tasurtuaewU aora otarlr u tbe I'TtH poser. See pas* 99, 


tUis State was composed of 4 bladea, having a sorfhee of ^hs of 
tW area of the diameter, viewed as a disk t tbe slip was now 
fmmd to be 38|^ per cent., or only per cent more than 
before. UtLs experiment was pushed still further by the redaction 
of another blade, leaving the screw composed of S Madcs. with a 
surface of hbs of the disk ; tbe slip now obtained was 4lA per 
cent., or only 4^ per cent, more than tbe first slip ; showing a 
reduction in the surface of one-half, only increased tbe slip from 
37 to 41,'!, per cent, or 11^ per cent of th« last slip. 

Suppoaing now the screw as origituiUy propos^ for the ** San 
Jacinto,” h^ been used, having about Ijihs tbe prujecinl, and 3| 
limes the belicotdal surface of tbe one actually used t and supposing 
Uie inureascit projected surface liad decreased tbe slip in the above 
pro|)OTiion of 1 11 per cent., or per cent of the actual slip of tbe 
**Ssn Jitcinto'a^ screw: there would then liave bem obtained a 
slip of (36,^ — 3^) 33| per cent Rut tbe hcUcmdal suffice 
having been mereased 3} times, tbe frklion would also have been 
increased in nearly that proportwo ; and as we see tbe frktioo 
wich tbe present surface amouou to 6A& per cent.. ti would have 
amounted with tbe 31 times surface to 33^ per cent supposing 
tbe total power devtooped by the engine to have remaintMl the 
same, is whieb case the available power for tbe propulsUni of the 
Vcwwel would have been diminished by (93J^ — ' 6M) ITiijn perctmt., 
atid increased 3^ per cent by the Icasem-d slip, leaving a balance 
of diminutum of (UiSi — 3 t|)) K^lg per cent td* the availabte 
pi-iwer for propulsion ; and as tbe spe^ of tbe vessel b in pro- 
portion to the cube roots of the powers applied, tbe speed would 
have l«era to the present speed in the proportion of ^ I -ooo to 

U-83.5 ] or, instead of Wing 1 1 statute miles per htmr, would have 
Itern IO-44 statuU' miles per hour, always supposing the engine* 
to dcTclopc the same power. The sum of the Iumscs, then, of tbe 
|>mpoKed screw would have been (33^ * c«ttt., 

m^rad of 33^ per ccnt„ tbe sum of the losses hy tW present 
licrcw. The present screw b therefore more economical by 14,}^ 
per cent of tlie power, witboat reckoning the practical advautagsa 
of decreased weight and cost of manufacture- 

TW screw proposed by tbe board of Naval Engineers, and uM^d 
in the **San Jaetnioi.’* has out the proportiotui tbev would have 
adopted bad U^y Item diwigniug tbe entire uiacninery nf the 
TCMcl ; but tbe engine*. boUer*, and stem of the ship having been 
completed before their labour* began, thev hod only to ad«;>p( tbe 
best screw that existing conditioos pcnniued. A longer screw 
was itupractiirable with the item of the ve«K;l as built, and the 
surface was Ibuiled in that direciioo ; more than four bladt* of the 
same length wimtd hare given more surface, but that surfan) 
would have been unsrly useless, as the Idaduu w ould have bei'O so 
einse Utgether as to prevent the acceos of wau-r of sufiicient solidity, 
besides having the additional mbtanec nf the additional edges of 
the bbdetk Nor could increased sur&ce he obtained by ksscaing 
tbe pitch; fnr such was the complex design of tbe englmw, th« 
multituik of its coQuexions and moving pans, that it w as unsafe to 
work them up to a speed that would W necessary, with a reduced 
pitch, to give the ve*^ the pnqwr s]>eed ; in addiUuu to whieb. (he 
iHiilers would not have supplied steam enough fur the increased 
number of rerolutiona 

HuU.—~'l'he ^Ssn Jacinto” is 303 feet long on keel, 310 feet 
bmg at lood line, 315 feet tong bctweco perpendiculars, and 237 
feci extreme U-ngih. IW beam moulded is 3? feet, extreme 38 
feet. L>epib of liold 23) feet Deep toad draft 16) feet. Depth of 
keel and fabv keel 15 inchea. 
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The data fumuhed by tbe trial trip of the “ Son Jacinto,” may 
be inode available in detcnniniiig i priori the friction of any other 
screw of known diniensUms ami irvnlutinni per minute. \Ve have 
seen that tbe frietiun of the screw of the “ s4n Jacinto ” amountetl 
to 53-44 burM! power; supposing tbe balance of tbe total power 


* Tskbit th« srtw ol Immeried «<Kllna u 4.ts **usn!> fed. tbe redMiin** mw 
s^iur* (MM is CT3 lb*, wbkb *Hav» IHst IH*> vv**el ewaot Im of T«rjr shspa. 
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bv thf rnn.lDM, after deductioi; for Ui« **sl)p of the 
•crew.” for ** propelling the rrftiel." for ** working the engines,” 
amd frw the ” friction of t!»e IocmI." to be absorbed in the friction of 
the hcliroidal mirfire on the water; the direct resutance of the 
edge* of the Wade* being probably but small, as they were sharply 
ebamfered. The screw surfaces were robbed sntuoih. In order 
to make these data applicable to other ktcw*, the ex|mssix)n for 
fnctioo must bu reduced to some twit of weight, acting with a 
gireo speed on some onit of surfkce. The pound avoirdupnU, 10 
feet per second, and the square foot, arc the roost coDTcnicnt for 
onr purpose. 

Fmiii many expcriroenla, H apnears that the law regulating the 
qnantrtv of ftieitun of solkia on tluicU, is dtftervut from that rvgU' 
btiog tW quantity of frictioii of solid* on suiMU. atid instead of 
bring proportiotud to pressure and vdocitr. U proportiemai to 
pressure, surface, and the square of the velocuy. Asvtmiug these 
hypotheses to be correct, we will determine the value of the 
friciiuo of 1 squBiv ftwt uf helicoidal surface, moving with the 
Velocity of 10 feet per second, from the data of the “ {tan Jacinto,” 
pretnuing that a* every helix of a helkoidal surface, from axis to 
prripbrry, is of a different length, increasing as tite peri|diery ts 
approach^ and a* each helix moves through iu length per revo- 
lution of the screw, and as all the beliees perforui the kaine 
DRmber of revolutions in the same time, it ftillows, that each helix 
will Itave a differem velociiy ; and taking a bcUx to represent an 
indnitely narrow sur&ce of the bdiniid. it also follows that thi-sc 
Afferent Hurfac«4 normal to tlw helices will hare diffenem frictions, 
to the prnpitrtion of the squares of velocities and the areas of the 
Burfsces It is then necessary to ascertain the velocities and area* 
of these aurt'aces. The problem can be solved approximutely. i 
georoetrically. with but little trouble, and with smire than sufficient | 
accuracy for practical purposes. By this qh'UkxI, th« surface of I 


the screw projected on a plane at right angle* to the axis, that la, 
considered as a dbc, U divided hr concentric circles into any 
number of ring* or eiementM; and the greater the number of ele* 
meiiii taken, the closer the mult approximates to the truth. The 
centre line of each eletncnt is taken as the length the eJciurnt, 
and is determined as follows : 

The development of a helix upon a plane is the hypothenuse of 
a right angled triangle, whose base U llie clrraroftWnce normal 
to the distance of the helix fh>m the axis considered os a radius, 
and whose height is the pitch. We have, tiHTeforc, the base and 
height of a right angled triangle given, to find the hypothenuse, 
and the hypuihcouse or helix multiplied by the breadth of the 
elenH'Qt gives its arm. 

We have now all the quantities for the calcuUtton exctqding the 
pounds avoirdupois pn w|nart' foot of surface for the speed of 10 
feet per second Tnis we obtain by represeuting the unknown 
Weight by r, and making the calculations with t for each element t 
then summing up the cuiutuo so obiainsKl, and dividing by 33,0t)0, 
we obtain llie expressiuo in horse power x. Making these calcu- 
lations on the screw of the ** Smi Jacinto,” and returning to the 
<LiU furnished by that veasrL, when the f^ioo of the bdiciMdal 
surface* is given at Itorsc power, w« ascertain, by dividing 
54*44 by the hnrac power multiplied by r a* above obtained, 
the unknown weight in pounds atoirdupois — observing that 
the hclicoidal surface must he taken f«ir 5rdA side* of the 
screw, Id this inaonvr the ftietioo of 1 square foot of beli- 
coidal surface moriog in its bdical path with a vriocitv of 10 feet 
r second, is determined from the data of the 8sn ^acinio,” to 
0-6195 pounds avoirdu|iois. An examination of the subjoined 
I table will explain the moJiu qperairdi without any further illus- 
‘ tratkm. 
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0*2.19 
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12 452 

_ 

8*118 
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1. *188 49 

28S78 865 


2-50 
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3 125 

0 294 
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18 321 

„ 

8883 

33 410 

1404-61 

31788 155 


2*;5 

17*278 

3-250 

0 806 

45 881 

14040 


8-510 

SS’^03 

1422-31 

54757 -858 


300 

18-849 

3-416 

0821 

46-492 

14 924 

„ 

H*73l 

24-0*21 

144195 

38443 072 


325 

30*420 

8 588 

0-887 

47-150 

15*890 

„ 

8*972 

24 361 

1461-65 

48928*101 


.3-50 

21-991 

3 750 

0 352 

47 845 

I6 84I 

„ 

4210 

24*720 

148890 

47276-820 


8-75 

23-563 

8-683 

0*361 

48 594 

17*542 

„ 

4-386 

25107 

1506*41 

51602 739 


400 

25-132 

4 000 
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49874 

U 565 


4 641 

35-510 
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„ 
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19 872 

„ 

4-718 

25932 

155995 

62030 628 
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28-274 


„ 
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26*373 
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4-968 
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„ 
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„ 
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6-541 

29-554 
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6-25 
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6-50 

40840 
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30455 
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6-75 
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60040 
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5-644 
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7*00 
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61 IGO 
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6*749 
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189596 

134846 379 


7-25 
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23-4-24 


6956 

32*187 

193124 

145167-621 


7-431 
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?• 

** 
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SCREW AXD PADDLE VESSEL OX THE ATT.ANTIC. 

A oooB dMl of caahovtnr W bMin cirrlad on a LiTarpMl utnthe comiwnilr* OMiKiof Ibe trrrv and poiiJle itnamm upon tb* Atbatte — a ^utMten vtiich. 
fl U coMWarod, IotoI*« (Im widar ounuon of tbe ralu)*a eAaicorr of arra« and |i*dUl« *«»mU far Um pur|MiM« of oc«a« tojaftne- On oaa oc«a*k« 

Iba ** Fraskiert '* icrao uaMaar priMH-adlnc lo tba McOlterraaraa. paucd the “ Amrrkt *' pAtUle •irMaaer, proMxdlaK te Stfv York., sithoupb iho '* Awrka " ta a 
vaual of 1080 Umi. buJldcf'i meaiuremervt, acd 7M horm power i wbtWtho “rnHibrun** 1* a of Um< hurdeo, balklar** m«a»urtaamt, and IbOhnam po»a«. 
On o«bar occaafona, m«i> of Ibe *ctw» vMiaU tdyingbtf wiwui lJ*a«t>ool aod Sa« Yoci kn«e laada a« r^ri faaaafa*. or naaiiy (o, u toM of Iba paAdia arweU ot> 
tbauAcUrtr. altbouftb Iha p^Mla aaaarlf are of aaueb Breolcr power. From (h<n* inddaMa It kaa bean looefrod by aoma partmtalhat the Kraw (• BMpertor prufoilaa 
to the paddi* iatba caac of ncotn reatah. Thli inCrrOKO.bowavro. hai bran rejected M Mber auartera, and Iba partiaaoa of eacb liMtnitneot afpropwltlian bare iba-' 
plajradmnch aoal tn iindkaUag Hi ipecUl pratenilona, After a fond deal of ikimMibiBlntbf Lirarpnoi papera, Mmri. Rirhardion. tbe repraaantattm of tlwr ** C'Up 
of GUarno " and “CHy of Mancbroter'' acrvw ihipi, entMldattiif that Iba rap«Katk«af acrra aaeadi bad bean dieparafod by icona ratnarki Ilut bad racaat>t appeared. 
pwtklUbwJ lolha Idtafpool AIMon, ihalof of Iba** City of Mao«;be«(er,'* Mrwnpanird by lecne renaTki poiotlor mil Iba tuparioritjr of that rcMel teit>«‘*Mapara.’* a 
paddlaaetiel. which had performed the AtlaiMtr rarafe aboat the untaUina. TIiLi etaianMnt Immaduialy draw (ortb a counter uatemcni from Me Im, 

n* Iba (uft of tho paddle veateU, In which they ai oaca jdmiited, that, nodar ipecial icmI eacapiloiMl circumelancai. a arraw rriMl of nmII power ml(ht o«t« 
(trip hi ipaad a paiMla «r«iel. ifnoa tmdar •ueb rimitaitaneai that bai bean door by a cununoe udllag iblpi. wHhoot the aki of Oaam pwwer at all | b«tt that ad.M. 
that It wM laKpoeeible todeduea from aueh acaldrotat occu r rencai any »ou»A conduitoo ai to the aonpiraiire albclaacy of tba two model of propwliton. They rna- 
aatuenily n'O a comparatira lUtement of theipaodi realUnl by Ute icrvw and padtUe iMaolirciparUraly, duria« a aarle* of riiyagaa. mtcetire Matamanu 

«f tba two partial t hare lotrodocw la parilM eolnnuii : — 


(Fran (Ac Lictrpoal Allmu^o/ MunJa^, April 19.) 

THE SCREW 8TEAM-8IIU’ CITT OF MAXCIIESTER. 

Tm L(rrr|>oal and PhUadelphIa Steam>ihtp Compoay'i ucaa>ihlp City of 
MaachMiar. Certain Robert Laiteb, arrhadlatba Meraay. from Phtladeipbta, 
at Bin* p. m. on Fridoy. the 16th, wUb *aTeaty>aeTea pMtengan and a vary full 
carga. An opputtvmty for compartann hai nffirf^ on tbli royagw betwooi aetaw 
and paddle suomert, ttnUi to iha weitward aud Miiward. Oa her cniiward 
Toyaga. aha laR lirorpnol eaactly twetia bouri brfure the Royal Wad Heain* 
ahip yiagarm, and datirerad bar loitara la FhlUdriphia on ih« tame day, (bay 
haring gima tba whole dlwanca by water, atkl lha S'tagara’i matli baring boM 
amt froB Boaten by railway. On tba heonawferd pMraga, tba CMy of Maneberter 
bring* threa d«yi Utar Philadefpina nawapapan and letlen than llw Niagara, 
and aotarrd tba Mofiay aueily ihraa day* alter haa,— tba paaaigrw, both out- 
ward* and bomewanb. bring, ai naaiiy aa poaiUile, at the aamr rata of rpead. If 
anything, to faraur of tba City of Maochettar- Tba CMy of Maixheatea bad 
IIOD ton* of cargo, weight and meaturemcot, on board on bar arriral at Phila- 
delphia} and had I SCO ton* wolghl of fvgo on board on bar arriraJ al Idacapool, 
tba Niagara eomlag home tn bailaet. Acaoadiiif to Goraanmeiif reuirm. tba 
Niagara 1* a poddla-tietiner of 16&0 toiM ImIMar'a ne«a«wremmt. 10Q* ton* ra- 
CMar. and 760 bona-powar. Tin City of Waarhintet U a •rraw.iiaainer of 
SlSttooa bulldar'* fomturameni, 19(9 too* ragifter, and AM bonw-powor. An 
abstract of tba CSly of MancItaaur'* lug it tubjotnod 

April 1. — Wind southward. 9 lA a.m., east nIT and backed out from wharf; 
1 p. M.. passed NcwcatO* \ A, dlacbargrd pilot ; 9 30. Capo lianlopaa Light wait 
A mlla*. 

S.» Wind souihward. Lat. 99^ V N.. obi. ; Ion. 71® Xf W., obs, L^t 
winds, with Bn* weather, DiaLanea run. IM wiles front Cape Hrulnyan. 

A — Wind S.Vr. to S.W. LsC V N.. ofas., Mm. W„ ob*. Brisk galas, 
with siiualiy wtutbar. Dlstaoca run, >64 mHaa. 

4. — Wb).IW.N,W. Ut. »P47 'H..bc«.; loo.U® ly W..ace. Strong gain, 
wtih sarara *>iual]* and high lopping aaa. DUianee run, 309 ntlla*. 

A — Wind northward. Lti. 3tp iff K., arc. ; Ion. HP ff W'., obi. Strong 
gate*, with high MB niontng. Dlttiora ran. 940 mile*. 

«. — Wind northward Ul. 40® )>' S.. obs. ; too. SI® RF W'., otM. Fresh 
gatoi and squally. Distant* run, IDO toOiin. 

7. — Wind N.K. to 8.E. Lnt. 41® W H.. oba i Ion. «l® 4' W., oh*. Fresh 
gales tnd squally, with band tea. XHiUiioa rnn, 176 wilrt. 

ft..Win4S.K.toN.W. Ut. 4IP |>' N.. arc.} ion. 41P >' W,. aee. Strong 
galas, with rain and high ora- Dlsunee run. 334 mllaa. 

9. — Wind N.N.W. lju. 44® M' N.. wrc. I Ian. 37® Air W.. aec. Stroog 
winds and weaihtr. DlitaiKie rtoi. 36fl mlWa. 

I0..WIII4 K K.W' La(.4iPiy S.. ace.} Ian. ST^iy W., aer. SCroog 
wind* aod weacber. Duunca run, 33*{ anllaa, 

11. — Wind northward Lot. 4IP 44' N.. obs. ; l«i. fT® 4P W.. oh*. First 
part freeh galM. Uttar part light and wiaMa. 6 40 p.n., e|>uka Brilith ship 
Lody of tlw Wot, from .Aleundrta f<ie Lirarpuol, n day* out. Dlstaac* nta 
190 mila*. 

It — W.od tnalhwsfd. Lot. 4«® in' N.. ob*. ; bn. 91® S7* W.. obs. Fresh 
wl•4^ with cloudy weather. 4 p. m.. passnl Brrtneii burqua tboalng tag wnh 
Na m. Dittaoca m». >U niloi. 

lA — Wind »wilhwafd, L«t. tM*> IT N., nb«. ; Ion. 10® A7' W,, oh*. Freib 
winds, with cloudy waathar. Dbtanea nm, 34T mile*. 

It-WmrlA.SR. l.al. SO® MF N., ebi. ; Ion. II® (O’ W.. oha. rresb wind*, 
with heal aaa. Dlstanea run. IW mllaa. 

15. — W5na 9.S.R. I,>t. AI® 41' N., obi. t loo. I® (W W . obt. Frwh winds 
andaea. >a. m.. Cape CWr light N.R } F,. 13 nple*. Noon, abreast Bally- 
rottoQ l*l*Ailt T 3rt p. m.. pasted Sallee Light VtwiI; |0 AO, Tuakar bon 
W.S.W. DtiUnca run. 160 miMw. 

16. _WI-sd *oi*lhwanl ml eaiiward. lOa.m., Holybnsd R*. by S. } >90p tn., 
pa>**d .Skrrrir« ; A AO. t oh pilot on board off Lynat Pbiul ; 9 IS, passed the 


(Froa* the Livtrpml Mrroay, of Tmetday, April 90.) 

PADDLE-WHEEL tyrMu SCREW ETEA&fEIL<L 

A* asm aalllBf (Alps, under la*nurahla rtreuaBtUnrwa. umv, ooce to a thne. 
aqtut Um *|>B*d of the bet* ocoin ttoamers, ao Is *4 quite pnMiUa (m any Urga- 
I aisisJ screw, of am tsaali engine power.lodoalmonasnuacb o<oe* in thatwalra 
m<wilh* i hut “ am opiiottanKy for eoaparbno has <>Rr*<id ou otbar snyagea (be* 
ssdr* the ooe nuted above) batwrw* setew aod paddi* iiosMera, bMb to tn* oMt* 
ward and nastward." m Iba MhnsSng iMlrmriit «f the iMSMige* of itc C«n«rd 
ftroRicrs and (he Lirtepool Ptuladetphsa screws eery piaiuly lUujiralaan— 
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It b to Mecsn. Mclvfir'a tUtemcDt by Motn. Richardson, that although it may cormtif cxpma the speed of the vctMla 

frMn port to port, it DeverUielirss eoaveya an rrruncous impressino as to the comparative speeds Tvalib.-d by Ute several Tee8els( for 
that as Phil^lpkua* vhkfa forms the western tenninna oi the screw vesacU. is sitoated on tltc river iVlawari'. at a distaocc of 110 
tniks from the sea. the apprnueb to it U, at titnea, much ohstnicted by fogs and ice, the deumtioos arising fWun which arc counted in 
Messra.McIvrr's stateraeut, as if they amse from the deficient speed M tlu sen-w vessels. On one occasion, they say, the screw vessel 
was fVoseo op for SO days, and it is clear that such a detenuon should not be enuoted as a part of the voyage. For purposes of com- 
parison, therefore, they maintain tlmt itutcad of caking the voyage as terminaiiag at l^ila^Iphia, it should be taken as teruunatiag at 
the Capos of the fklaware, to w to be cleared of the obstraetroos of the river, since from obstructioDS this kind the voyage to New 
York is free. The distane«‘ fmm Uverp^l to New York they reckon at about 30thJ mikt. the ditunce from Uverpool to the Capes ui 
the l>tdaware at about 31^ nautical milea. and the distance from Liverpool to Philadelphia at about 3950 nautical miles. Adopting 
ihU omde of estimation they reckon the duration of several voyages of the screw vessels to be as follows t — 


1 

City of Manclteatcr • 

City of <tlasgow * 

City of Manchester • 

City of (ilasgow . - • 

City of Mabchester 

LHt Liverpool. 

Arrtved at of Dritrsrv. 

Doratiun of V»|Oj|« atoal 

Nov. 5th 1651. 11 15 a.m. 
Dec. loth „ 5 45 (km. 

Dec. 31st .. 8 15 p m. 

Feb. 4tlt less. 10 50 a. m. 
March 5th „ midnighL 

Nov. 19tfa 1851. noon. 

Dec. 3(Hb „ 1 1 SO p. m. 

Jan. 80th H pm. 

Feh. 84th 1859. 5 30 a. m. 
March 20th „ 8 40 a. m. 

14 days 5 hours 45 min. 

20 „ 15 „ 45 „ 

20 12 „ 45 H 

19 „ 23 „ 40 M 

14 „ 3 40 H 

5)89 „ 13 . 35 „ 

Average 

17 H at « 55 „ 


The vorages performed by the paddle steamenn about the same time appear to be as followi; cxclnding, however, the voyage of 
the '* Europa,” on the 6th Lkcember, 163L and the voyage of the ** Niagara,” the 17th January, on which occaaiona tko 
vessels had to put into Uolifiia for coaJ:~ 






Lett LivcTpool 

Arrived St Saw York. 

Duiackm of Voyte* about 

Africa 




November 6ih, 1851 • 


November 19th, 1851 

1 1 days 8 hours. 

America 




November 8*iDd „ • 


December Sth „ - 

13 „ 15 „ 35 mb. 

Africa 




Decemixtr 3ath „ - 


January Stui, 1852 - 

13 H 

Asia - 




January 3rd, 1852 - 


January 16ih n • 

13 18 „ 

Canada 




January Sift m ' 


Kelnruary 18 th „ • 

17 „ 83 45 M 

Africa 




Februarv 14th „ - 


Kelimary 28lh „ - • 

U H 1m 

Asia • 

* 



February 28ih „ • 


March 12th *• ' 

13 „ 0 „ 30 „ 


7)96 „ 11 „ 60 M . 


Average 13 „ 13 „ 41 „ 


Now an avengv time of 13 days. U hours, and 41 minutes, in performing a voyage of SOSO nautical miles, gives a progress per 
day of 3I9'16B nautical miles, or 9'133 knots per hour ] and an average time of 17 ^ys. 31 hours, and 53 minutes, b performing a 
voyage of 3140 nautical uil^ gives a progrtoa of 17& 391 nautical mUts per day, or 7 '3U504 knots per boar. Knmi this comparison 
the paddle vnoels appear to bt: ximewhat kva than 3 hurts an hour fastrr thun the screw vessela, which is about the rvsult that might 
have been expected, looking to the comparative siae and |K>w«r of t!»« two classes of sbi|ia. Tk« siae and power of the several vesstda 
is as follows;— 

Rrslaer fkallder^ Komlnsl 

Tuouaft. TuiiTiAce. Hotse i'onv. 


Africa - - • 

1216 

9200 

800 

Asia ... 

1214 

9900 

800 

America ... 

984 

1850 

750 

Eiiropa • t • 

1010 

1850 

750 

Niagara ... 

1U08 

1850 

750 

Canada ... 

1001 

1850 

750 

City of Glasgow 

1087 

1609 

310 

City of hlanchcster - 

U09 

8125 

.180 


It appears from this enumeratiuo of dimensions, that the screw vessels are of about the same aixe as tlie paddle vetsels, and of 
about half the power, or of about half the proportioc of {>ower to tonnage; the average proportJuo of (tower to toimage of the screw 
vntsels being as 1 to 6*4, whik b the paddle vmrU the average proportion of (tower to tonnage is as 1 to S'36. Ado|rting the suppo» 
rntino, therefore, that the screw vcsicU are lumiiar vcsm'Is to the (nddle vesaeU, but of half the power, and that the screw vcrsels reiUise 
an average speed of 7*3 knots on the outwurtl Atlantic voyage, tluit the paddk vesacb rcutixe on average s}ie<vl of 9‘I3S knots un the 
outward AUautic voyage, and that the engines b both cues w(trk with equal cfBcicney. there it certainly n^tng b the result arrived 
at to warrant the conclusion that the screw is a superior instrament of propulsUm fo the poddk, or that wba( it done by the screw 
vmeU would not be equally welt done by (laddle vemek of the same power. The power necessary to pr«q>el v^*mls of any ebus, 
whether with screws or paddles, varies neariy as the cube of the speed ; or. b other words, the speed varies as the cube root of the 
power. If, therefore, such vessels as the Cunard vessels, which now maintain an average outward speed of 9'133 knots pvT hour, were 
to be propclkd by engintw ludf the power, or wore to be (wovided with engines of the same power as those in the screw vessels, the 
spcs*d would be dimtoiabed b the |»v>]ionioc of the cube root uf 9 to the cube root of 1. or b the proportion of 1*356 to 1. In other 
wtwds. be speed, insts-ad of being 9-I3S kiwrts per hour, would be 7'97 knots per hour, which is about be tame as the existing speed of 
the screw vessels. Coutrariwisc, if the existing (>ow«rof the screw vtwtela, which now mamub an average ootward apecd of 7*3 knots per 

» St s 
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hour, were to be douWed, the epccd woold he mereju»«l in the profwtion of the cnhe root of 3 to the enhp root of I, or io the jvmpoftjon 
of I‘3S6 to 1. In other words, the strew TtrwK'Is. if prorat'd with the same power » tht ptukT-e TcMelt, vo«tM tosiotarn a speed of 
9‘198 iiutiead of Uie speed of 0’I33, at present maintained bv the paddk vessels. It is <|»ite clear, thervfor«» ilial the experience of 
Atlantic vova^inp onl>' shows that the screw and common radial wheel are aboot equail}* efficient as propellers, a cooctiuum which bad 
been prevtouxl^r arrived at from tbe results of other trials in which the dimensions of the vessels and engines were precise)/ t)*e same. 

not the screw has cettatD special advaDtapes, and also cenain special dlsadvantaftes. which it will be proper to eoanieratc. And. 
in the fim place, when a steam vessel b starting on a long voyage ^e b necesaarUy deeply immersed from the large nuantitv of coni 
the has to carry, uvd under such clreuicutaDCes a screw will operate much morv advaotagcouslv than paddbea As vessels are mervased 
ID aisc, however, the rariations in tbe ttnmersioo will be diminuhed, aud the wheels being of larger diameter, mnreover, in Ute larger 
vessels. It wU) fidlow that any given variation will have asmaller deranging efft.'Ct. The screw admits more readily than the pwddles of 
tbe fbll use of sails : but in the case of large vesseb, which are not much listed over by the wind, tbe difference tn thb respect between 
the two clasaes of vessels will not be entuiderabUr. Tbe paddle wbeeb meist tbe prupeiisiiy of tbe vcwael to roll, and screw vetneb of 
the tame form will roll more than paddle vesaelsi but thb incoorctiience may be ureveoteJ by the use of bilge piecca, or by giving a 
auiiable configunition to the vessrPs butiom. Tbe main defect of screw veaaeLs. buwever. b iliai when steaming bead to wind, the 
screw revolves with marly the same velocity as if no extra impediment bad to be mcountrrrd ; whereas, in the case of paddle T«sel«, 
the number of revolutiima of the euginrs diniinuhes nearly in the tame |>ro}«onicin as the speed of the vessel. It fidlows from thb 
|»culurity that a screw vcsacl cmisnraes nearly the same quantity of coab per hoar in a strong adverse wind as tn a calm ; wbermui, 
m a paddle vessel, there, b much 1cm steam and fuel consumed in strung head wituU, in conac4]uciir« of tbe dimlniabcd speot of tbe 
engines on (bose occiuioni. Screw tcsmcU must em»<v|arntly carry a greater ivscrre of coab than paddle vesaeb, since a string bead 
wind may at any time he encoanUTcd ; and thb circuaHrtai»re gives sen-w Tnwels a ntarlcrd iaferiorhy to paddle ve«seb io all cases io 
which strung bead winds have to he met. This defect of sen-w vciuM-ii I do not consider iosuperatle. (hi Uie eoDtrary, I believe that 
it iq capable tieing remedied; and, when rrmedied. Ibclicvcthat screw veiscli, if otherwise suitably consinwried. will befonnd superior 
to {rtuldte vt^ls in every respect Bnt at tbe present moTnent 1 do not know of any screw vesael tiiai b nm subject to thb weighty 
ditpsmkgrmeot. and its existence gives a superiority to paddle vc«m-U in all cases of ocean transport, in which a large quantity of coal 
has to be carried, and in which a high rate of speed bus to be maintained. 


COMPARISO.V OF Tni? RF.SnLTS OBTAINED FROSI THE SCREW OF THE “ SAN JACINTO,” 
AND THE PADDLE-WHEEL OF THE “ SARANAC.” 

By CniEr E.voiKicca R F. Isnrawoon, U, R Navy. 


fiiMrc writing my remarks on the " San Jacinto.** page xxii , I 
havr obtained the log of the sister steamer “ Saranac,” which enables 
me to make a compariMHi between tbe results obtsined frum the 
|widlc-whrcl of that vessel, and the screw of tbe *• f^on Jacinio.” 

Daring tbe passage of the ** Saranac ** from Norfolk, Vo., to New 
York, DcL IMb, I6th, and 17th, 18S0, the mean ^mtl fur 81 
hours was 9’13 knots by log; rcTolutions of the wbrels, 14 (H per 
minute; steam pressure in boilers per gauge, 1.3J lbs. per iquore 
inch ( vacuam in condenser per gauge, 27 inch^; throttle one' 
fmirth open ; cat off at 3} feet from comnienceincot of strtike ; 
smooth sea and ivry light breexe ahead- Mean draft of veasel. I S 
feet 9 inches Two iuclmed engines, cyliodets 60 inches diameter, 
by 9 feet stroke. 

(Vrnimnn psddlc-whcvl, 2S feet diameter, 22 paddles in each 
wheel ; each puddle 9 feet by 30 inches j iromcrsuMi, lower edge of 
paddle 4( feet. 

The mean effective prcarorc in the cylinder, taken nndrr the 
abo%e conditioM. was 15*5 lbs. per s<iuare inch. Tbe horse 
power develofH^d bv tlic engines would therefore be 

l2S27' 4^s 15-5 X (9 s 2 ) s ! 4 6Qx2^ 

33000 

Taking tlie knot at 60ftS{ feet, as used in the Britiali Navy, 9*13 
knou Would be KTSIB statute mtlea. Taking the cubes 'txf tbe 
speeds as the measure of the effects produced, and the indicated 
burse power as the cost of propulsion, and reducing to pn>* 
ponionals, we shall have 

Powm. PlSwti. 

•‘San Jacinto* . • • 1*1291 I I438 

•* Saranac” • • • li)O00 t-OUOO 


• 1-0)30; 


1 1438^ 
and M291 * 

that is to say, tbe application of (he power with the acme in the 
*• .'ton Jacinto ” was more effleiem than with the paddle-whrvi in 
the “ Saranac,” in the proporli«m of I*0I30 to ItUKK); w the two 
systems, in Uxese narticular case*, may be considered as e«|uaUy gnod- 
The slip t»f the centre of reactino of the “Saranac's" |«ddlc- 
wheel was 23'7 per cent, which is about the usual average given. 
I'lni lf»s by oblique action calculated as tbe square* of the sine «>f 
the angles of incidence of the paddles on the wafer was 1.3 3 per 
cent; the sum of the losses by the paddle-wheel being 37 |wr 
cent Tire * .•'annac's ‘* poddle-wbeel thus gave as favuuralde 
rrsaiu os are fonud in sea piing steamers, and the equal effect 
obtaiiHHl from the screw of the “ S»n Jacinto,” show it to have 
Very perfect proporttons. 


[To these remarks I have only to add. that although for a war 
ve«wl with aaxiliary power the performance of the ** 8aD Jacinto ” 
may be eonsidcml saiisfisctory, it falls very far short of i!»e per- 
formance ntuined in the cose of merchant vcssvls. This appears 
mainly to result from tbe deficient sharpness of the ship; yet 
there can be no good reason why war vi-ssels, more than any other, 
should be purposely made of such a shape as to pass with difficulty 
thruugh the water. If the speed be ukvn at 1 1 miles, or 9| knots, 
•I ... 9'5* « 436-5 (mtd‘SectM>n) . , «... 

then — . - ^ — / —SS?; whereas the co-effiewnt of 

4 uu (indicator power) 

perfomiance of the “ Frankfort,” computed in the same mariner, 
u 792-3, and of tbe ** Kaltier” 678-7. The inferior result in the 
case of the “San Jacinto ” arises not from the smallness of the 
screw, bat from the deficient oliarpopM of the vesaelt for in the 
*• 8*n Jacinto” there is a foot of nn-a to the acrew** disc for every 
3 6 feet in tlK> immersed section of the vessel, wkervas in tbe 
“ Frankfort ” there is a foot of area in the screw's di« for every 
2 ’7 feet of the immemed sectioD of tbe vessel, which » as nearly as 
possible the same proportion. The *• Son Jacinto” appi'am to be a 
very similar vesoel to the “ Daunilw*,” but her perfununnee is 
aomewhat better tium iliat of tbe “ Itaunilesa” relatively with the 
power exerted, if the power required for propulsion be held to vary 
a* the cube of the speed. But as It varies in a iomewhai higher 
ratio, and os the “ Itauntlcs* ” has the faster speed, the effirienvy of 
tbe two vessels may be reckoned about tbe same. The “ Daumltis,” 
however, has nearly one-fourth more area of immersed midship 
section than the Jacinta^** and only about the same diameter 
of screw, so Uiai relatively, the “ Son Jacinto " has tlw largest 
screw. The question of the number of tdudes of tbe screw is more 
a quesiioti of speed of engine than of anything else. In war 
vrsseU, ox, indeed, in ali vcwch, tbe screw should be sunk as much 
as iKHsihlc to the water, and when that is done, a ktvw of two 
blades will prohobly be found the best 


Mr. isherwood’s mode of computing the friciiao of tbe screw 
and eagines will give no approximate result which it will be useful 
to a^rtain. But the mu^ 1 have suggested of meaiuring the 
frictioo by the dimitiution io tbe thrust which the friction oc- 
casion will give tbe amoaiit of low frtHo fricti«m that is nctnally 
sustaioed. For if we uke the total pressure in the cylinders and 
cotnpvite what thrust that pressure wuuld occasion ujkid the screw 
shaft if there were no friction at all, wc shall ascertain, when we 
know the actual thrust, the diminution of effect produced by the 
total friction of tbe engines and screw, from whence the amount of 
power cuusumed in friction U easily ascertained, j 
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FEATHERING SCREWS. 


(I OATE recti^ed tbc follovinjr letter frotn Mr. Hayi rdattre to my reaurka upon big pmjiener at page 4 j. At the sal^ect ii ooe of 
public LDiercat, aixl ao Mr. Uayg ajipvari to wiah me u> take gome m>tice of bu letter, I ben: introduce it with gome annotatioJik ] 


Sin, 

Im the first pUr« allow me to correct a gmatt error you bare 
eonimittcd in gpclJing my name, to the description of ray two 
paicntg ooticod in your ** Treatise ou the Screw Propeller.'’ is 
which I heartily wish you every auccesa, as a means of calling 
attention to and thereby more rapidly extending the use of an 
iogtnmwQt, fated at no disunt day to effect such a n-volutioD in 
maritime affairs as cotUd icarcely bare been anticipated on ita 
first iutroductioo, or |K-rbapi, more projierly speaking, ita rcTtvai 
by Smith in the ** Archimedes." My natoe is i^lt lUys, withiwt 
t^e, whereas you hare spell it Hay og, with thee; and to the second 
place, which m the rcoMKi [ shnuhl wish my name to he correctly 
spelt, 1 wish to enter into some explanations rcfarding the objects 
and what 1 coutidcr the ralnc of my patents, which 1 think irill 
tndocc you to corre^ the opioioDS you hare given in the Third 
Part of your seriea in which they an introduceii 

I^vious, howvrer, to entering into those cxpIanatSoos, allow 
me to remark, that 1 do nut pretend to the slightest engineering 
attaitmenis beyond vliat cumiuou h*nse and anme practical know- 
ledge of su-am coanrctnl with maritime affairs has given me. My 
first attimtinn was railed to the use of the 8crew Propeller in the 
year 1 MS, on my opinion being asked os to the poraibility of using 
It fur common inercaalile inarine traffic at a very much cheaper 
rate than the pioddlc wheel { I considered it could be so used, and 
that the rclatirv power to tonnage required was very nmeh lew 
than was supposed. I drew my conclusiuos from th« experience 
of boat sailiug, in which I bad flvqucnily found that when very 
dvad hauled to the wind, with even a little sra, the linat wonld 
make no bead*way at all, but merely sag to leeward i but with lli« 
awistauce of a scull over the stem, or oat to windward, though 
only plied bv a boy, the boat would shoot ahead, according to the 
strength of the wit^, 9, 4. orS kDOta,and in a straight coursb. Uo« 
doubte-dly H was nut the boy-power alooe which produced suck a 
result, aithoogb it was the consequence of that power, but the 
cotnbinaiioD of the Lateral pressure of the wind oo the sails, and 
the forward impetus given bv the oar.* 

By the substitubOQ, tlierrlore, of an engine of small power with 
the screw on a vessel, for the boy with the oar on a boat. 1 coo- 
eluded Ute result would be the same $ with which view I built a 
sehouner of SOU tons and fitted her with an engine of Ito horse 
power, in which I found, after several experimental trips, my 
theory was perfectly correct But of course, as a given power 
could only produce a given effect when left to ita own exertions, 
as also A knots would be the outside speed we could ex|>e<rt from 
the vessel I was building with the SO bunc power in a calm, and 
as a much higher speed of ship wna required when connected with 
the saiU. ami cuciiur^iuentlv a proportionate increased rate tn the 
speed of the propeller, wbU-h must be attained cither by an in* 
erejtse in the speed of the piston, to the destruction of the engine 
ami great consumption of fuel, or by some other expedient— I bit 
on tliat of differential gearing, or variable pitch ; hence my first 
potent in July. lS44.f 

To show you the practical effect, I will give yon the partt* 
culars of an experimental trip, ou which Mr. Murray, the sermKl 
coginerr at Woolwich dockyard, atirnded by order of the Admi* 
rally. AV« leff Lomlou at 4 a.>i., and earned a perfect calm to 
Long Reach, steiuniiig 5 knots with the lint, or rlo. 1. gearing ; 
propeller ami engine respectively <»« strokes and revolutions ; a 
Wrete then sprung up, when wp made sail, and the gradi.iaily 
Increasing speed of ship reached fi knots, 'llie enginca running 
above speed, we put on No. S. gearing for 90 iwoluitons of pro- 
peller; efi^nes immeiliately reduced to 64 stroked, propeller about 
80 revolutions! speed of ship 7^ koota 

The breeze still iucreasiug, aod the speed of ship bemming 8 
koou, so that the engines were again running alow their speed, 

• Tail vl«« la s pvrtMtir JuM cm. «rwl baa bvaa tUxle rvf artM or rstbvr Uni* 
aiacvrrW. 

t Th* i4m «r dtflbrenSiaJ awwitta ii tefentniii, br«t li fiactxM oa s nliron. 
espeinn. 1 br .aewi o( an naiae osar b* sr*'StlT ‘arlctl wMItaus rvwiMcina a«r 
I f i* II i;4l elTeu u^joa Ut* )>ei(oraMr.ov, and It tut U so, (cattug li of couf i« 
Superfluous. 


I we put on No. 3, gearing for ISO revolutions of prtqieller. The 
CDgint-s tbervopuQ reducml to fri>m SO to 55 revulutiosts, jimpellcr 
about 100 to l(K2 revolutiotat hut the speed of ship imnHdiatcly 
increased to nearly 10 knots, and before reaching .Margate Roads, 
where Mr. Murray landed, the speed of ship hsii reached, to- 
gether with wind and steam, oemrly 12 knoa * Then we discou- 
neuted the propeller, and found the speed of ship aboat 9 knots; 
thus gaining from {rd to ^th by the asstMsnce of so small a power st 
such a high speed, witbont any any addiuooal wear and tear of 
engines or increased coosumptioo of fuel, by means of tlte differ* 
ential gearing. 

A report of these proceedings was sent to the Admiralty, 
coupled with the remark tliat such an arrangement might be very 
well adapted for smaJl vessels, hot wuuld be ton canihenome for 
large ones : and just about that thne direct acting engines bi-gan 
to be used. However, the differential pitch would pr^ucc atwut 
the same effect. 

After some further experiments as to the working of the screw, 
and more Mrticutarly as an auxiliary to a satUng ship, 1 came to 
the concln&OQ that it could never become a perfect insiruaieDt for 
that purpose, loulrss it could as earily be taken from use as th« 
mainiup sail, or any otlier {Ait of the ship's furniture. Unshipping 
and Lifting up were practised ; hut there are too many objections 
to sDcb plans to be compatible with tlie general use of the screw 
propeller as an auxiliary to merrbant ships — an application 
which would constitute a very large proportion of its vainc. 

In the first place. Ike contmual lifting np and replacing the 
screw when n^ as an auxiliary only, would soon destroy the 
finest fittings that could be made, particularly where two parts 
were to be brought together under water and out of sight, and 
wuuld be too harassing to a merchant ship's cr«w. The aperture 
ceciwaary fiyr bringing up the Screw at its working angle would 
cb'slmy the most valuable part of the ship's accnmuiodalions, oihI 
the space being left ra the dead wood when the Screw was un* 
Shipps would prevent the ship holding so gixxl a wind, ind 
would form an eddy of water which would interfere with the 
steerage I added to which the weight of water running np into the 
aperture would considerably retaM the progress of the ship. Th<* 
cubic conieuts of the sperture in U. M. screw ship ** Vulcan,'* 
1 believe rxeenU 20 tous.f 

These objections hnwiglit the considrration of whether the screw 
might not be dispensed with when required, without encnmitering 
snch difficnltirs; hcncc my wreond (latont of December, 1845, fi>r 
feathering the screw, or bringing tlw blades so into a tine with 
the keel as that it should not offer any impedintent to the pro- 
greu of the ship wben sailing, and might be put in and out of iu 
working position with the greatest fiicility. The same principk* 
was afterwards, in August, 1848, psteotid by John Buchanan, 
hut with a pretended improvement of its being self-acting, or of 
the blade eonung into a line with the keel by the prrssnrv of the 
water, caused hy the motion of the ship. The same thing was 
also patented by Joseph Maudslay, in March, DU8, under a sup* 
posiiiOD that by giving a greater surface to one side of the blade 
than to the other, the force of the water, canted by the DH>tiou of 
the ship, would of itself bring tlte blade into a line with the keel, 
aod that by reversing the propeller it would be again brought into 
its working (mtltiuci, and thus become self-acting. 

This pitipriler was ia November, 1850, filled to the Orwpral 
Screw Steam Shipping Company's ship ** Bospburus," the first 
of the Cape of (i«Kid llofir Une of Royal Mail Packet*. The 

• Nettilais U iMrttw known than ctut an enstne with anf El**n 
■rftns til* plwnw «UI etvft an amouM w ( pnmtt wlilcb will to •inrilj' p««|K>r* 
tSonale tn Ibv mimtor *l U* rtvnlulliMU. It will haprvn. wileml, if an main* to 
dnreii («H. whirti wiu nrvtw laivwSeU In to ikiim at a lufh •«ml, rfmm 
win fall to CH inin Ui* cylinder or out «( It with siiAcvtit r4|ililliy to r« Me tto 
Hill tw**«ii'w nf lb* Keam u> to exer'nl ii|ion litp BiM ibi. I* only MyIne 

IlMt III* have iw4 tom Mail* viittotmily larar, wnl bi an rns<iH) inten<lr>i 
to drtve the eervw wrihiHW the iMtertrnttun of |H««rlns> *be |•aM*av* ahowM all 
to made Urivr Hub ummiI i Ih* toarin « al«o abctwld be of eatra l-iifis, t« 
•b*Ute (to dlkfKHlUoei to fei hot at the blph •(>r'*S. 

4 There are utto* m*Aiw <4 meKHi* tbe«* eS^erttnna than that which Mr. 
Hats hs« a^oft'-d. w that Iba abemati** don not wUoll/ Be totweva tbr*a 
I rUu« ami hto. 
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liowerer, felt w much ahcmt the prio- 

ciplr, that he fitu-d a dip ttuchcd to the end of a Hpindle, to be 
worked from the deck, for txirDiofc the bUdea Imekirarda ao<l fur- 
vard». 1 «itoeMed eereral attempu in the Itulia Docks, 
saperinti-nded kir. Joseph Man^lay bimsdf, to effect the self* 

acting principle hut which turned oot total frilorea; so that 
rrcoiirw was okUged to be bad to the clip, which answered the 
pfirpnae eaceedingly wdL. and effected the object nw»4 Katia> 
factohif. 1 came to the Cape io that ship, and during the vovage 
wc ipa^ cre^ attempt to effect the adf-acUDg principle, but with 
the Mune resoit as in the East India Docks ; and I t»vr not the 
■lightest doubt but Out Buchanan's plan would eqoaUr fail* 

Prerious to the triala in the ** Buapborus,*’ I had reedred coun- 
■ers<^iuioo that MancUUy's was an infringement of my patent: 
but be iwlied on hU srlf-actiog principle as being a suffieient im- 
proTctnent to justify bis patrnt However, on ^e IkiJure of that. 
It was luggrated by our mutual friends that an amogcmriit 
should be entered tniov which was carried into effect,-^ he work* 
ing the patent in bis name. 

As the Cape mails were the first Government parket ships that 
had screw propellers, the Admiralty appointed commanders in the 
Nary, instead of the ordinary Lieut. Admiralty agimU in charge 
of the mails, that they might report on the working of the screw 
frmtrttllif, hut y>or<«rKia/fy on the feathering principle. It was 
therefore subjected to the most severe testa, and os a proof of its 
value, not tmiy were the three small vessels with which the tine 
was commenced, fitted with it, but kubsequeotly a new ship of 
the company, of luuu tons, in which it has answered the purtxiec 
moat successfully : and U is Wing put into their other new shi^a 
of 1 *50 tons, and 3UU bonw powrr. 

To show you how much you are in erroe in fancying there is 
little advantage to be gained by Winging the blades uf the pro* 
pellcr in a line with the keel, or that the same, or nrariy the same 
speed, con be attained by discoom'Cttng the propeller and alluwiDg 
it to revolve freely, I give you the result of one or two uf the 
maoy experimmts mode on the passage out in the ** Bosphorms** 
and which have now been cuoiinued in that ship and all the 
others, since the commencetnent of the line, with precisely tlic 
■airir results ; and it is acknowledged by all, that the feathering 
principle b a most valuable ini|wuvnnrut to the screw {Speller, 
and. as 1 wtU show you, mdispcosablc to its general use as an 
auxiliary to sailing ships. 

** DreeuWr Sid. 1850. at 1 P.N., ship making knots, enmnes 
AO strokes, put screw fore and aft. sp^ of «hip 9J knots; kepi 
the clutch uut of gear j of an hour, but notwithstanding the spo^ 
of the vi-siel won so great, the force of the water on the screw <1 m 1 
not in the least alter the angle.* 

“ December ajrd, 1950, runnuig under canvas with screw fea* 
thered, speed of ship 8 to 9 knuts ; at I P.w. shifted the angle of 
the screw into its working numtioo, and tried spevd of ship — 
ftl knots : discoonocud propeller ami allowed it to revolve, speed 
of ship 7 knots : put iwrew fore and aft, speed of ship 8 knots.'* 

** January 13ib, 18541 tight winds: at i r.M. stopped engines, 
and tried screw in working position, speed of ship 31 knots ; do. 
disconnected and revolving, 3| knoU; dva fixed fore and aft. 


As to the ftratberiag. or some other principle by which the 
prnpelltr may be easily dispensed with, and at the nme time the 
sailing and steering qualities of the ship be as little iolerfered 
with as puwitilc, and the principle of citWr tnercssing the speed 
uf the propeller without overworking llic engine or tnerrasing the 
raasuiQption of focif. suppose a merchant ship (trading, say for 
FxatnpU-. to India, or perloruilug any other long vovage,} of 1200 
nad fitted with engines of 100 , or even ax little as 80 horse 
power, which in calm weather and sniuoth water woukl propel 


• rlvn b** s much Urjf^ awtnont of Iwmlnf ;«mrT tbsa 

SUuOitUv't. siul it t* aaNr certain that ibe amount oT •wlvellina or «p«l>rrT0<ck 
artMm rrniM be wadk luArlent to lum the bUae«. Ail featherins »cre««. 
hnverer. hove rtnni«vvMhns wmI tm uarb vptteU a« like roul mM>U 

lUpM (otbe Cafie. I mtHhSrr turb ApWet (« be ebalt; out of |>lat'v. 

f Tbere It no neni n€ a^orebenilnn on rllber erf th^e eraMaad*. If an 
rA«likr can be lOkie to rfnve a talft vr-Mrl ehoi) In 4ir*rt e u w o rr f m ivllb the 
terev. nvibwil brta« bnoeSMt (n (Uore*. these It no noetl of ap^eheiiittm in Ihc 
re*en4 the loeer tprerft ot u>!tnt ship*. If it It stanierf ta heefj (he eoti* 
»f riiel uBiCnrm, it It onir nsepMarjf l« »«rX wua Mura «s|>L*&*k)n 
■ bea Ibe vsIikmj ef the cogim iMicaMn. 


her A. or perhaps only 5 knots per hour, which m what I call 
stripy aoxiliary, the advamagts to be gaintd by merH-Iy twing 
assiat^ in calms or light airs would not cmn[>euMi«* for the ootlay. 
expense of working, and space left for siuvage; and unless Uie 
propeller could be easily got rid of when rt^quired, the detention 
It would cause to the ship, when not ta use (suppiaw it to be ever 
so triiluig, even ^ s knot per hour), would not Iw rnmpensatod by 
su partial a us« ui k. But supposing the propeUrr can be so easily 
got rid uf without at all affecting the sailing properties of the ship, 
as bos bc^n DOW so fully proved by tb« feitbering principle so sue* 
evssfoliy adopted by the t.'ape of Good Hope Mail Packets, the 
matter OHUincs an eoiirely different aspect, fur then the propeller 
may be used not only for assisting the ship In calms and light 
wii^s, but for helping her up to nlndnard in contrary winds and 
in bad weather without any loss of speed when the steam is not re* 
quired *; and I feel quite cooftdenl that with such power to ton* 
cage, a vcasel would make vuyagra to and from India, or any other 
pan, with the greatest regulanty, and that it would quite do away 
with detentions in the Channel, or any where else, from contrary 
winds and Lad weather; and if the differential speed or varying 
pitch of the propellt-r were added, (be instrument would be very 
much more perfi^ct, and smaller powers could be used : for though 
I sm quite willing to admit that to a certain extent, the propeUrr 
when ID mocioD does, with the aasUtanee of the sails, increase the 
speed of the ship beyond what U wunld be driven if unassisted by 
them, it is a great Mlacy to topuose there is no limit to it. The 
fact ia. the limit is the speed of the propeller, all (be slip being 
got rid uf by the help of tbe sails ; and the faster you can drive the 
propeller, or increase its progress by increasing the pitch, which 
ainoants to the same thing, the faster your ship will go ; but if tbe 
sptwd of the propeller is to be iocreas^ by additional speed to the 
puton, your engine* wUi soon be knocked to pieces, the coo* 
sumption of your fuel wilt be pruportionably increax^f 

Another ^vantage of the fi-alhcricg principlr is, that when 
feathered it can be brought up through ouch a trunk as will occupy 
but little athwartsbip space, and coDfeqaently interfere but little 
with the arcotnmndations, and in case of injury the blades may be 
M|Htnu«ly taken out and re|daced by othera 

You are at liberty to make what use you pleajve of this lirttcr; 
but after tbe opinious you have publicly expreaud os to tbe meriia 
of my improvements, 1 think 1 am eniithd to uptm you lo 
take some public notice of these explanations. 

I am. Sir, 

Your most obedient servant. 

Resident Agent, C. D. Hats. 

G. S. S. Shipping Companr, 

Cape of Goud Hope, iVhruary, 1852. 

* Actlarf a If^hnaMl. I firMton*. Iti setina ia tbit reta«ct wmUd t>« snlts 
inosuiSejutt. * 1*1 «wild voMlf be (otnpeuMed bf givuis s Uute «or« 4mb erf 
1uN>l. or s ilule tDoev le tb* run. 

f In rnttranf Uie f9<e«<DlDc teoaevr, but eOtnr garttof It are nanireMly 
foUaniMU. It U <«tuUily tru* ch«t. la the raM> <rf ttilt>‘i ewslutliit a wretr 
loerety a* an auxitUf y tn tabaa ft »ch*U tie a («ul oti^rctMA II iwh arranae* 
nciita •ere l<^i»|mkabl« •« woultl orcMion a rtWrfatbm at nUier thwet. in4 
aoune •nuU tbtnk «t enfSoflBt tbr »rrv« If lu uae vrre ii» be aitcorfcW *00 
siwb a seiMlty. Tbu. buwrver. It la ri«wr It <«t/ a byTnlhrtk-a) catK', ter I «« 
out s«arr ibot Uirre are aaijr arrew veceria in evlrtcwr wbirh ute ibe trr«« 
only ki calnu. aoS the cUh «f atiiiitary icrrw ve«»H« of wktrh a)n««e •« ha«e 
aaperWoie, but rareir Ihra* the acrev o«t of «i>«r*Moa, aarf »omU la tm tam 
(l« «u eaivyit wbeci taapeUerf by a UfOAf and (air •ind. Now, ktemg thM Uw 
tcrew ta alwioat In cmmum operuion. and ibat U k only it> rire|i(iaBd caaee 
that lha «cr«w. even ir made featherinf. wouM b» dHuaed, and the arwa b« 
brousht lots iha Hue arf the hewl. the qaeatKia arUaa •hether U U worth wbtir. 
fa utdrr lo gain a *i>shl wiianlaye to theva rarrraae*. to hittodiiee a itecic* erf 
■>r«Hanlam (or rcwthrrtng tbe arw, tbe morw Mpertallr a* wrrewt fttratad on ihw 
feoiberiivt Ptui are MceMarUy weaker and tnorw l-^e to derae|renk«nt. It 
aeeina hardly JadKbitta, Is ovy JtMlgwtnil. Iwarcept a persaaiMni and **ev-srr*eM 
evU wharh a irrmtrr atiu^lbilitj of deransewMQt In the vrrew nxMl be 
BiUted lo br«B for the aahr of reaKtins an occaakuial advantaie, even were that 
■dvantate iargvr » amount than ey Mr. Ha^a' vbnwioy it it (onnd to bw. 

When the pro«T»*a of a wrew va^et ti axled by tatlk. the vdi^ en Or M 
reyardt the prv^ler. i* mucti the Mine ai If the TMlatanee •( the hull bad been 
diiwlaivbrd. TW ottaaiter erf revoSutloM of the anew will roiiteqtatwily b« 
Iwcrvaaed. tHd the ibrtiit o( tba acfea^haft «!□ rwnaia tbe tame aa b^unk 
(usdKMioa tbe mstne to be ana aderiaately auftplied wNh ktew*. If the pKrh be 
Iwrrearrd. buwetev, tbe tbrwtl of the •erew>»hall wdit be diwthiiehed. whatevee 
the twpply oT tteani may be ■. but tbe iiwmbee of reeotuikait « ill be diiwitUalMd 
iUfo, ao that the ataount of Ihnait will mntluia to be prwjKirt>an*l to Ue v*. 
pendMnre of ueain It wtit elenlfy little, tn (art, whether the ptirb Id coarveor 
Ine, at refartlt the effect uhlmoieli praduced Vriih a coairae piu-h tlierv wtlt b« 
fewer revuiwtiiiaa and a lea* thruve : with a fine pitch Ihcve wit| W aenre revolu- 
tion* and a greater thruM Or t( only the ume thniM be datlred wlikh obttfoa to 
(he ra*e of (he rnarve pilch, tbtn that retaU wlU be oUaUied by 
tbe pretture ef the lUua. 
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ON THE INTRODUCTION AND PROOREfiSiVR INCREASE OF SCREW PROPULSION IN 
HER majesty’s NAVY. 


[Tn fiillowlnij paper hai been iMg«d by the Sceain DepaniDCTit at Somuraet Hoo*e to accompMv the Table* of the Dimeiuiona and 
Pvrfonnancf of the Screw Veaaela of the Navy, pTen under a modified arran^fmeEil at jiapaa L li. and ui of the Appendix. A> an 
oficUl «tat«n«iit of fketa U u uaefaU and 1 ibcreforo introduce it with •oine auoouiiuua.] 


prrfcrrtMd t»r afiy of Her mafl The " Arrhhnortet** »f«t 

uaoo thi* oceuluA frow Dover to Coku In X bout* I mnisle. and rrtwriMd In t 


ALTiiemo virtottt propnvItVm* «w« nu4e frmn Haf to r1«n« fnr nowr Tv*r» 
to th.- »eTe» M on tn**f«jnrfit of propoiAon, and a amt vJWtnr of .aprnnwirta 

tri«4 IB tMal* and mmII lOMel*. )«c Milhirr the fpoanmof of (hr prtijrrtoct nor 
the rtouUf of thrir rv|wrhBmi« a|ipw to have rarrird eiMvMinn to the mtudi 
of ■to*i OM* that thl« kind of prowler eouU b« uaefnilv rcaplnted, or at aU 
•eaot* that n ro«l4 tomMtfodr eMBorO. with Ihe poddtr-eiHwt. tiurlaiianllAe 
VBUw o< iU NHtadnrtxm into (he Navy oaa thr turcrattol ptofmiiMsr* rnuod 
Graoc Bnt*tn arid elwohrve of the Arrti(sn»»lev.’* a iM XS7 tona. bwlW in 
the r»ar laaa (If (he derevr PmpHler rmapnir. olth a vkw of aocrrtatnlna ilia 
value of (ha levrentlon. Shr wm ftru tried aaaintt a pnddle-»hf«i *ea*H In : 
(he feantu of U»' (Hala ara eonuMied tn Ina lollnivBia Report, (ho ftrat oAcial 
one Bade to the Boord the Ailpect «f Screw PMpuiaioa. 

Doeer, Map tod. IHO. 

l« porvuanre of the tnatrurtWmror the Loeda Comnlaitceierv of iba Adaii. 
raltr. *• conveyed to ni m yowr iKler dated Iftth Blttaan. dlreettnt <*• I® 
nthaa and report wp>ya the prItMtjde on which the *' Arthloaede*.'* Meam vbmI 
(• wiBprIWd. «a hep to rtale that we hare nNK*e lurh eaperfaoenu at were pr^ 
ticahle. and we rni'wat (bat poo will Iw pdoatod to tubimt (o Ibetr |.ordthlm the 
followini report. On oor amval al (W* place we made afrmneerwmta wlah Co«- 
nwoiler Botrb-r. br vhleb the** WIdfenn ** mail tieaai uaeket wai placeil al o«r 
diipiiaat. Thr fodowtaip iiawaBcat tbowa tba cosparaih* lUa, power, acd tea* 
naerMoo of the two voaaeU. 


VMM. 

Tomwge. 

Diameter ef 
Cylioder*. 

Length of 
Scredw. 

UoMi llrkdght 
of Wafer. 

Wldgem • 

idx 

19 lachaa 

1 feet 1 Iwch 

TfiretlhL 

, Arthimodaa « 

1 

S7 

li lochoa 

3 feet 

.... 


Tha ** WUpron " ta the Ctateat p*rkH upon the Doeer Matfoo. She baa 10 
h«evra power nerve, and n tana burthen Iom. Uua U>e ** ArKblnirdea ; ' ‘ and the 
mvoa drsuf ht of water of Uit forBer U I fact I Inch laaa Iban that of Uw Uttnr. 


EXPEBIMSSTA. 

1. — f>ur Srat (Hal wm upon a ran of ISmller iipcai a W. S. W. roorae front 
Dover Ruod«, with a Debt brerte alt and tBonch water, bwt without tad*. Tbe 
eoclne of the ** Areh1ea<«l(«** worked >7 aroket a mtnwie, and ihe Hwed of tbe 
eevee} wm *4 hnoU per boar. Tha ** Widfeon ” porCartnad the whole chtCaoee 
In fi ntnutev k*« thM the '* ArthiBedct.” t- — In rHuniine Ibe aBnee |p wiiltw 
to Dovev Road*, apnltvtt a moderate bend wind, without vaiTa, Die eorlive of the 
** Archlmmlea'* worked Kairoke* per Minute, and her iperd wu from 7| to a 
kmda per b.wir. The" WbJfmNi'*per(urtanditM Aittaue* In lOnUnotm (eta than 
tbe ** Arrhnoedee '* X. — The Ihtvd eaperlmmi wat a rwn Of IS mihw, fniB 
Ourer Unadt to I'aUto RnacU, to a pvrfert calm, wrth (he tea ttnooth •« plaM. 

** ArrhliiuvUa*’'rnRiBe worked S? tirnhra per minute, and her <peH wat ftnen 
top knnci pee hour. Tha ** WldReoo** perfunned the dittanee in .If mln'itea tree 
than the " Arrhlniedei.” and the wbnU bme oocwpled br the lattev ow tbW trial 
wat X houn fli wilmile*. d.~ In retwnilnf tb* mhiw H bUvw hark tit Dwvee 
Ruada tha wceiher wm dead ntm and the tea tmnoth aa before. The YrvBcii 
HHil pnekvA, rail'd “ Im Piwte,” ttaned M Ibe aame nommL Speed of tb« 

** AtTWlwi-de* ** teid bar mplne a* bvtera. ” Vr’Mpeua '* ran (he liutance In 4 
Bhnrtev leet than " Arrhmieaev,*'knd the'* Arebimedea ** In XS minute* leMthan 
“ La t*n«te.** The latter ha* enfinev of only SO horaev acRrefnlr power. k...itn 
ihl* trUi there wm a freth breeie et eaM. and tnoderale lea. Jloth vetielt mh 
I he wbitie of ihrtr tatki, the ** Airbiaaedrw '* rarrylBf mneb iiM 3«« caitvaa than 
the ** Wtdfeon.” The run wa* a* before, frowi Ihiver to CaUI*. IS mile* rUae 
bau'ed. “ .ArvhfBidvw' " vaiRine from X7 to to. and her *|uwd from k to *4 aooU. 

** ArcblBedea** ran the fHitanee In 9 miDiilra tea* Ibao the*' Wbdpoon.** C.— to 
rwwrmnff hi Dnrer with a rreab Ifroeie abnam and all aula ict. ‘ ArfblmedM’ ’* 
eofine to. ami ipewd IS knoia { *b« prrlortned the diaunce tn kf Bioutei >mi 
tton Uw '* Wrdfvin.'* 

REMARKS. 

Theoe tTkilt rbrnrlf prove that (heipewd nf Ibe ** ArrbiBedo* ** (a *ll«h(Iy In. 
lerVir to (bat of the '' Wtdn<on *' in UrM aln and ralma. and m emnotb watrr 1 
t»H M the (team rfwrr of the former 11 HI boraea lea*, and her burthen 7S tooe 
Barr than Ihe “ WidiNOti.*' tl If cvidvmt that In thcae vratel* tbe p«o|>«|jfnf 
power of (ha teren ii «i|ual. If nM tupwlnr, to that of Iba ordinary pautdle. 
wheel to thii revpect, thereRore, Mr }«nUh*i Invewtfon may be rmuiderrd 
revnplHely locreMful. Kltalao pi tin. from tbe •ccood trial, that lathe tteniAioR 
afaifMt even a biiht air uf wind, (he low matt and *tWR rlR of the '* Widpeon '* 
gave her an advanteRe orer the ** Arclibnede*,*' »Kh liiltM Bmiv and heavier 
nc: and aUhnweb ine prqralenre of calma preventMl nur irytnc Ihem Uvtber 
hr<m IM* pnint in MnwirtR weather, we are mlUded tbit in «*rmi( lirecfea the 
ndvanteReof (he ’* Widrena'*" low rip tn rmor bend (o wind would be Mill dm* 
•ppwreni. On (he la*t (■■* trial*, honevrr. the powrr of the *a<t* npwraieii 
••eW'iRly in favniir of the ” Arrhiinede*.'' a* *he |h.n heat (he ’* Widpenii,” and 
nttdr tbe pas>us« bctnrvfl Dover ami Calala In letv time Dmuv it Rm ever been ( 


heiur mrauiew. 

There are (wo potnu of Rreal prnrtleal iBpoetasre rr«prr(in« the Screw 
PropeiWe which ouRtM not u> pa»« unnoiiead. Tiral, tbe m.lpe ranlr by the 
tpur.wheeU u»ed (o Rt*inx ib« necramry velocity b* (he prnewtier thaft. 
SceniMl}. the ImMlira of tboto wbrc^i to rapid wear, and (o aoridetatal •tevanfe. 
metii. lSrt> Biise aluiw, wv enneetve, woairt preveut Ma bHnf npplted to any of 
Ker M*)e*ly'* |nckeU in nortkular. Mr. hBUh, howercr, ptopn*e* to obviau 
thi* otgectHB by vnbattttitlnR *p«rai Rewrlws Hi tW of (he (•rtomt cofa ; and a 
naodel of tbii method wilt be lubrnHiM to (neir t,md*bhw with (hU report. Aa 
it I* the Intentlua of Mr. Smith •hortijr to make trial of tbia altermiou, we ab< 
lUin frram Rlvln| any opkalaa (tpoo ha mvritt m praaeiM. 

It if. however. Hi propwUlris reatrl* of war that (he vMue of Mr. Smltb'i In- 
•eiMvon will pnrtiKily be esperlencfd. In fork karea, the rwurhlinR noU* in iha 
ab>p anade by the *pur.wb«el* la of uo gmit wiommt, even If It cbbvkm be over* 
omm; foe owttlde the ««**•(. (bla no<»« U not oodllde to no Rreat a dlitance at 
that make hy (be bwiimon naddloirbecl. A abtp Srird with the Screw Procwtler 
may be uaed either at a aaUingea a ideamtns «ea»rl. nr a* both, if leAUHoA : for 
we aaemaltwd by etpertmeiit ibM the enRine ran bo ouimrctcd or dheunnertod 
• lib ante, and l« any weatner. In two or three ninmvw. In carryltiR a prett ef 
aai(. tbe HM‘ltnatlnn ef the thip dora n<d dlmlniih ibc propeiUoR power of lb« 
arrew. anr leawn the tbtp'a way, a* with Uw ordinary {Mddk.wberi. The 
Rcil iDR nd of p«idte.boa(u al*o leavva (be browdaidn bariery alhttvVber clear of 
obatruclioii. and in hoardiBR an euerwy't re**el wmiU allow ef tbe tbipa lylnc 
cloM atotiRvU* of vuah other, la CMwJiuwo, H H pro(wr to •Ulr. that Uw 
eoeraihm ef tbe arraw WilUatca Uw (treriaR. and accoaplitbca U)« backlof of 
IM afaip a* oattly a* tbe common paddleMahael. 

We bare ihe bonour to be. Sir. 

Your naoit oUrdMbl Servaala, 

E. Cnappkb, reprnht- T. Lvoto. 

The SrrrrMrp Rf hk 4dnt#a/l|r. 

It It ebriotM that ta tb* ** WidRena** nnd** ArchHnedc*.** whicb dlOrrad ma> 
(erially bnih it* tile and (bevn. an curt ciimparlMm eonid tie* Ini made becwneci 
the pim<‘rmanee of the »vrvw and that of the peddin ■, b«( Ihe reaull of (be 
tnaiv eSrariy tlhured. mpecUiir when the pemHar Stuevv of tbe »cr«w lor w*r 
piirpoam aim lakcw into eon*lderatton, the prcprieiy of iryloR Ibl* new tnairu. 
mwic In a l**a rwulvoral naanner. With (bla view tb* " Italikt'* wai ordered tn 
be iMilt i and. Ihe etpeviment might be roitcbitivn, *o (ar at a trial totworw 
(wo Tctaela eoubl make ft ao, the wat cem«(n*r(e>l en tbe aasie liitea aa the 

Aie«A,''_Uie anrr part beh^ kwRibened fee (h« Invert loo of the vertw, — and 
an*d wHh aneiiie* of (he taina puwm and on a plan which bad been prevtottaly 
tried In paddfe-wborl vr awl t- 

The river trtaU of (he ” Ralilcr'* Imlad frnm Orfobee, I Ml, to (hr beyinalnr 
of IMS, and from ibem It wav clearly tern (hat the Krrw might br advan* 
tafwauity MdurwS from two half (urn* to toioiit onrHhIrd of thU iengih. an 
alteration wfairb grawtly radured (ha welghl, fadHUlod (Iw uperatlnn of vhlp. 
ping and tmkhlpp<WR. aM appeared IB render wnmeeviary the wreindlni to «o 
great an eatant the after pan o( the teawl. Ilelore (Imi latt peiiU wav dritdrd. 
It not btong evident thal the R<xid pwrtomanco of the fborter •crew wu uoa 
aiirditU^* to tbr gremrv cteacMir* which the raducrtco of U* Ungth bad 
cauaed, the arrow a|>ertiire waa partlv filled up In a t« m pee a ry wianiwe, a* to 
leave (he abocier wrew tbe tame cMracvce m (hr kmgerotir orlgmatly had* 
The retult of thM eiperlment «bowe«t that the acrew aprnvre In toture v«a*el« 
night be cimvirwcted of very modcvtia dlnarvnhm* wlthocit teavctilni Ibo Hlhri 
n( Ihe propellw. It wa* alto evIdeM from thra* trial* that the arrow, «% aa 
itotrument of propwlami In smooth water, wa* oot Inferior to the paddle. wheel. 

In tha cnily part of (be year (Ski, Uie *' lURticr *’ proceeded, in compaxy wtih 
tha** VW <cu and AUiert,'* and tlw “ Black Katyle," from l*oH*mouib la Pm. 
broke. Ik ben rowodinR tha l.ewd'a Kanl, and tunmlDg ag-alnat a etrn> A hand 
wM»^ both ibeve vcvael*. a* nught bo expritted, ab-iaed a Rv««l aurevvortty. (brir 
power br*ng much great rr than the ” HalUer'i “ Hi prop*xtKm to tnelr muuMe. 
and their |itodl*-fiu«i* botoe eonagructod on th* rttiraunfl pfHiO|de- Y'hd* ciina* 
parativelaiiureof Ihe” tUtUer*' made an wnfatoiiraMr wapemlun on ihepuhMc 
mwid a* !■> tbe cdfirirocy of the aevew aRaiaM wln<( and *ea la tarwvy weather, 
and ihia laoMeaaton in lomr drgrre atlil remain*, ntihouih no coueltMive proof 
of lu Hifarioelty In tha* reapect hu yet bean alToidnl i for in the *uh»n|uet>i 
Iriala of tbe '* fUtUer ** with Uw '* AlorM" art tea, agBbwl Mrong bend windu. tbe 
oaiy accathm on whtrb tbe htow ba* br«i> felcly (rfed wirier atich drcuaiitancea 
ualntt the naddle>who-l, no deetdvd advaoinye on rtlher aide aeemi to have 
ooulned t. the adv ocaiea of Uw arrew and ihom of Uie puddle revpcctlvtly clalaa- 


* Tbr experirwacit wa* alan (nod wheUirv there wmald he any dlSkrewce Hi Uw 
reaull wtvrth«r the tcrew «m placed at the foremoft part of the apenura or the 
alteruMot pmt. but no appreciable differ«(tci> «ai edwerved. I coimder, however, 
that a dlSrfccM* would have been ovreeutlbtr if (k* vraael had (wen wi to tow 
MKitJier *e«*M, or tn enoiunler brad winAa. and Uiat In *ac4i a rate (be moat tor. 
ward poartoirt of the acrew wnwM have given the bevc reautt, in Kranc* the 
effect ba* been ctiod of moyectlng tbe tcr*w oot wiem of tbe »*t*al. and a hroe* 
fti WM tMd ta b* cxparleoced from that arraogmtot i hirt the experiment wa* 
(rWd at Wuctiwich amt no haneSt vat totwd to amiiae, M wh. I betwre. will dm 
|w«d upon the fnrra of (he ecMel'* ran. la biU veaarla M would be an ndTRocage, 
1 belWfv. to (dace tbe tcrew behind the rudder t whavee* m fwoparly faemeif 
amw veaarla H will be pveferabia, t eouaMer, to ptaco the acren Car forward In 
(he dead wend, and a* iWp la Ihe water aa U rwi Iw got. 

I No dondrd wtwilage a* ragarda rpr*i|, buy « de e tdod advantage by (he 
pBddU veaatl rrlalkvely wan the power ■xpandod. 
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APPENDIX. 


ipff tiM »gp«ri(irtt}'. «hlt# Ift As* waMher tfa* icrev U adioiMed t« bar* had 
•am* atfranUfp nr»r lb* jw.l4h> * 

" Kaitief “ n>-xt (r<i4 Ih* ** Vpturlui** Ib * nan from th* 

la l.ritb. and ktiivwrd la mp«n «f cixW ■ firc-iilnt tutirrl.wlly »*•« tli* 
«Ikm» fowrr. si ro«if«r<^ «k« h«r loniutf*, RtTairr 
Ihsn (hat of h^r mmtaiHiw t B»t»t«]ianUi||(b* Mjaadrnn under llir cixnrnaad 
of Itosr Admiral Itrifi' t'srkx. to dair. IMS. (h* ** ll«ttl*r ** •** emj>lor*d to U>« 
Ut* ** KrrOwi “ mid * Terror '' (nth* (irkiMY UUwU,mh 1 the atnyratt to bat* 
farmeil Uui »«-r<tce tn (he ulittartioo of W John FtaaiUn. IWfur* «hU time, 
hoverff, (he *' B<«’* wwroMUlKtoiolilh Uith »rrp* and |>MMle<*hreU far (he 
ln*<rucil<mof iheUAcrrr oreW Mii|sl Naval ('olk<e. ih«” Doart" purrhwed, 
the MndltlorMl »r««d of 13 lalte* (>«r hoor hariiut tn«n r*alLie(L*Dd the “ Kair?” 
bulli fur (bo u«a of Her Mat**!/ ( hut aith>:wgk (be nouii* of (he ra^uBetA* 
wade unno the (•« Imter rp*»rU tbroo tom* light «|*on (be trtlno of (he trreit, 
ajad Mtlirmtoril; ihiiwed that bo lu meiiii* a comiMretlvel; high rate of loeed 
(oold be otHatned. fet ther omul mmeif b* roitarded at |>rofwr data oo onWh 
to procMd la lb* eonitruetloo and Attlng of larger «ewU. Nome pritafe enao- 
paataa also *er* kd to orBenaHi •» ti*»uraUe an orintim of the n-rrw ihM ihe^ 
teulured to trj if i two id IhMn uo a targe Kale. The " Great BntaiQ.'' of 
lont, arrired ro the Ttkwei lo lanwar;. lhlA{, aoA (ha ’‘Great Northera,*'or I &IA 
tocu, two yeart prortmtUjr. Netiher of Iheae rrtteU waa taoreetfaltf eorkeil iur 
an; langlh *f liuic. the lorancr baring been wrr<rk*d and tha other broken up, 
hot (he rnulU UHatnad, a* t«g*td« iheappixatioaof the Kr««, wer* txmatdertd 
Mfttfartorjr. 

Tbeae mulU. prsbablx. togfther with thna# oMahiod from the piwtimlnarf 
inalt of the •* Kattler,*' and ahure all, the farnurahla retHirt* hj naval oAlrar* 
of her porfunaanee al w«. Induced the board, to I Mb. wbeo (be •team navv wa* 
•howl to to rearlrhwkblf l-vrtraaml. to dHeemIno that the K>ew thouM be 
aihifrtod .iHertatned a| the aanae Utor that the engine* ehaild be (o roo- 

Mmtrd IImI errry pert of the WMirMnrrv wimI< 1 be lielow the water Uwe}. 
aa important denation troa the prartKe wbirh had prerknuly «»iain], and un* 
which mua be regarded at a great aiep PiwanJa rendering itmin rettel* At fog 
all (he puffMwea of war. The biiaid hkewitc ordered the tcrew and itt Oitlng 
to be •« arraagwd, that (he operathM i>f thtpt>ln| and unthipptcig might eaillr 
be perfnrmed Tn an; weather «, th»i remtrriug the veteelr, a* lar aa praoUiwUe, 
perlrct tailing thlpa wbroerer tteam g>->wee wa* not required. 

It (hut bec.icn* oargMarp, La order to fUlhl the «ar>»u* reqnimbcwlt Indicstrd, 
lo dprlie new fbrmt of engi o* and new Dioidea of apidirauaa. (bar* brtug at 
that time no kind of engine whk-h wmiM cAetuall; amwer the purpoa*. All 
the emlBeiii marine eng.neer* io the ruunlrr were Mterefiirw nUlad on to yrt>u<no 
that cnoMnKtloQ and arrangement of engiwr wbkh Ihe 7 nughf leTerall; think 
the bwit ndapred. tha dimrouiixu of the pr •(■rlke. and the number of rerulutkmu 
U wriukd he rr^uired Ui make being fwrolthed for tbeir goldaMC. aod tha 
ail; of keeping trie whole of the mai-lun> rj bebm tha w aier lute bHng liiairtnd 
cm. Dapood theae ncccMarf coniktiun* ihe mami'arturert were left uofettered, 
and the;, aa might be esperted. teeing a new and wide heM open for thair 
esenloor, tubmllted a strut earlet; of datlgui. the teiult of their grant **• 
perlenee and •nachantcaf a^ubl/. deiLgti* dirrfnj wtdd/ (tom uiia an- 

other ( *o«B« were with and mme wxboul gearing, and mm; d 1 Ihatn appeared 
to potteai grant merU Uf theae aelretKai* were made, giving tn near); all the 
mo.t cmitnroi niglnrar* an opportuaH; of rarr)lng suto elhTt one at knit of ibe 
pfm* wh>rb thr; terrraU; propa»ni, and Ml mi Inrtieir* gtiliig order* fur m<xe 
lKa--i two etuine* of the *an»e d«wrtl|iiMiR, adiwHiiin whkh *««itu(i>ba<* bee« 
>ud*o>nu. whan k I* borne In mind (bat liUle eaprriKtuw had Uien b*t« acquired 
IB Ihi* Dotel ai^licatioa of Meam power. 

In the )aar Iiitk taader* narw acrepted for Afteen pain of trrew mgtne* fcr 
eetiala of varloiu dla*rn**nn*,aniL. oo (h« Miggraiun of the Hartiouc Hvfrace 
Commieatoo, eight pain fnr what were orlgiuall; lerwned Work ihlpa, ftiur of 
them being Ime-oi-tMttie ahip* a»d f<iur frIgaiF*. The f"ud twrfupmaare of tbe 
farmer data *e*m*u>b«*e altered (heir orlgrrwit deMtuatio* from neere AoaiJug 
boU«*l*« to arw-culi^ *hip«3. eaJrulaUd to *erT* with adiantage la con|wiicU>K> 
with 4 Aewt. Of tbe fri^n blork •hi|M, wan cail; Mil wf the fmir lia* been 
ordrrwd tobe Atted.and wMh *ttiall«r ciigloeilhM Ihoae origloall; tnicoded for 
her. She U M<4 (M eompfeted. 

In order *(UI twrthei to teat Ihe cnenpatiUir* raloe at Uw Krew. on* padille- 
wbeei te«(«l. th* *' ftmillik,* wa* ntderud In hr tHlUi Mk the umr linua aa III* 
** Niger.” and lo be AUed with eughi** at the Mme power. Tbe retull of tha 
trial* recentl; m«de bHween the** two TewaeU ma; be ihortl; ttUed. tn Ane 
wwather, wlimi aguul cnglwe-power wai eaerirtt. th*r* waa litUo ditlefcDcr of 
Ipawd, and wheta ud rnuid b* ta»a*l tha advantage waa l« faanur of Uw atrrw.** 
Thetv wa* no wTip.irtuni|r of I*} mg tbe ageaeU head lo wind l« heat; wratber. 
SO imponsnt point wi kn hKhrrto remsio* ui>derlded tw artual experiment. ff 
TbreapeenlUurr of coal wm utoch graeUr ieUie ~ Nigi-r ”Uiun 111111*“ tUtilUk.*' 
but thki ditadraolage aroa* freon the rcatamuGuii uf the UuUert siul eetgiuo*, 


■ It hat a* adesattM (• the ra*e of deep Itnmeralu**. rteepf when the whrwU 
•re B>«(le ow the b>a(h«tiDg pnarlete, and then the paddle manifrat* a auperloc 
e^ ca r y under all clrcumataiK**. Kealhcnng wheet*. however, are very ownpll* 
caltd and ripenalv*. 1‘hc wear and taar incldewt to Umr u*e la very greaa. *r>d 
they are luble Ui dersngrmrwt la rungb *««*, cwMcmJly M th* ca*e of vriMll 
perionslng kmg voyaga*. where they caowx ba ba^uauily Inapactad and sny 
oacewtary adjualment m«le. 

t Tbl* I* no ie*t wale** the vewteh were of dallsr shape and »tt«, or tailaa* w 
SdeotMte stiowanre be mad* for any dtUhrence la th««« retperU 

I The “ PrmcggiMi ** had helorr iHt« time been centtrweird tn Amerlei. sod 
Ihe ** PtMiMn*'* hr Fnukr*. talli with Iheir engine* brarwib Ihe water Uoe. 

I An arrangemeiit i«ane*t«d by Friieann, «ul strwady carried lota effect !■ 
Amarira and France. In IMt th* te>«rd bad gtrm Coont Itiwen. Krlc**o«'* 
riyr aa w n tative fn (hU oouwtry. order* to At tha “Ampbion” aiib rwglan* kept 
hiitisth th* watar Um, «o th* plM slrawdy adt^trd la the “ Prlaceton " and 
** fhimoo*.” 

I Aa amagaoMBt paCaated by Taylor la ISJA, and deecrlbad at page 3A af t)w 
preaani work. 

T FloatiM batterlea nowd not h* dimlalahed ta efficacy by gtring to them a 
•hap* capabie of p***mg Uirwogh the wairr. and tbt* remark wUI «<)«4lly apply 
whether the prapelliag cower l« Uram or aul*. 

•• Th* tcTvw wtawd had rather the adeaatage imder aail* almir. but not wMh 
aadl* aad Uaam nnaUiMil. la d**|i lma>*<*Kio*. however, the »rrrw Itail uo ad* 
eaatage over th* paddle, but la ItgM and medium imaainaimr, the paddle had aa 
advantage over the Krew. 

ff Tliceapertmenu with the ** ItMtIer ** aad ** Akrio.” tnadc befurr Uii* time, 
*how*d that .igainat a Mioag head wmd the epeed o( Ibe two ****•>(* wuuld be 
alxHit the aaena, but Ihrt the lerew veiavi wixdd cotieume by w>u.:h (hr aauvl 
maU Thti re*«iU haa bM MoArtBod hf aU the espartaaoe wide* ba* auK* 
bera ebUiood. 


•wd not fmwi th* dlA-n<i)ce heiween the penpelllag Inttrwnwfnt*. A* far a* tr'iAe 
ho'« tireii iimir •( Ihe varMwi* knedi of *rr»w ewginM, *«*(•'*•• to a greaier or Irv* 
degree may tie *aid lu have Intn ihr revult of all, teruluL) oeue uf then* cm 
be n-ganinl 4 * fiilare*; but th- pennuary bit* tattalocd by wuwt of the mean* 
fartorm. and the gve^ afiklri) lell by alt, can be luUy appreciated by Ih^* 
•wive* aJnoe AuAh'ieut eapmence ha* u>jI wen yet bn«i arguired for tno 
ba«iv ofa w>ui>d t'lHiiinei a» in (be pu-ckoUr form nf engine ahich *110(1)11 m 
adopted, but Ihr *«l«c(i>in uuy now be c<wvftn-d eitbln romparailvidy narmw 
lunita. an I *S|N iieocc alrnady MduU out Ibe *(nwig pftriubfltly tbai glaring may 
be aUogethee d.«|>rn*ed with. Ihu* emllrefy utn latiiM ibe nuiae ut murh o:<jerta«t 
(<> in ih*A-«i anew VF**rt.l»crra»a>f thcUmidKvtyortheamchlrvrry, aad rrdiaeiof 
It* balk and wwgiit • 

Owe Imwfcuwl fait, wbkh during (he aarly trial* of the e^ew moat penoo* 
doubted, ha* Imwb incontedably proved, aad ha* already kd and b calruivied 
to UwH *(itt further to • rvey exiciaive appltcatioa of tbr ternw ai an ausdtsry. 
It ha* tMTcu twtatfl*hM hrynnd all qurttloo ilut M 1 * itutiere**sry (u adopt emo- 
nlei oantrivaufe* for aiiermg the wfagW uf (ha tcreo.or lu uw. a* w*» duo* 
■a Kune private vrk*rl>, dilforeciiUil gru/tng, to enabte the e*g(»M to work ad> 
vam.tgiNNMly urufer the varying vefonty nf the veMel, ncraaloewd by utlng th* 
MjLt ui a grroUr at ire* catewt la coaiwnitiua with tUMi power. If. for *«• 
ample, aa eeglM Mid *trea tie arranged tu drive a vw^l at th* raic of A>* 
knoc*. the outahet of titflket given out by tbe engine will nut be foconvcnvrntly 
toernued, or the *dT«vt of the vrrwr diwilniMed. when by ibe wMitMwi of uid 
power, tbe rate of the r««*ei le lorreated tu )• kiwd*, the vlapfe arrew ibu* bm 
rnmlng a mnveniem aad e Arkeit auxiliary In all « U*m« af ehl**. aod prvduritLg. 
whenwer uenl la ctaijuartiun wdh lall power, a higher r*t* cf «p«ed than 
could haniiteiiHd iwder the tanve cimimttanree by •ail aloae.t Thb vkw le 
CiMtBrwinl by the succeeaful pwfarmance of auay prlvaie vriveU htud with 
auxiliary power. The •m«JJ veWMH* Arvt built Uwfad In wort* al rw grewt di». 
taoce, but Utair voyagw have alrraily hwwn exuwdwd ta CMivtaorinople j a>m N 
aow term* highly protMhIe, yulgiag by wtu hat been accomplivhrd, that A»e 
•ailing VFtvelt, fined with auxiliary errew maer, will be louni aMe, U nut I* 
rival, at ieat* to approueb. full-powered ana exy«n»lva tceam vbip*. I* rwvpect 
of tbeir ra*a*Uld; of making a luug voyage with (wrtalaly, and io a roocabiy 
•hort tiare.} 

Another arplkatinn of the »rrFW. although iofrrlnr la hoportawe* to Ut appU- 
CMlim a* a prpelter to ordinary xhlpt, U certainly drwerviog mnre attniUuo 
th« ha* habvtUi torn paid to U. namely, aa a inaoieuvrec to tlmae I 'rge *hip« ta 
which eogiiiet nf cievildrrable powre raonrd tie placed, or la wbNrb it k* con> 
tidreed unadvivahle to place theta. NodmiU cm rw rMertaloed of the affkhnier 
of «i*ch an Ineirunirnt worked by an eogioe of cvro to hurt** powwr. Tbe foil 
eaireu. howerer, of Ut utility canaoi,jperk*at. he tkMiioughly apprrclakod mdl) 
k (hall have been wximtlvely tried tn Hre Mar*»iy‘* Nary. 

The proper lurm of the run of *crew tevteft bring at the time ef thttr inir*- 
dwrtloei, a^ for vooie lime aftrrwarda a maiiet rather of ipwcuUtlc*i iKaa a 
d*<lu(iion from known pnaciplaa or (wu. a wido differwtwe of crpiMon co ihie 
important twilnt otaalnM aaiomg (bo*e oho were engagwd to detlgning the*# 
vcitaU ; and the Umtd. in order toaicertaiD withui certain IlmiU the form whkh 
oijgbl to he adnyfrd. directed eomc exper Imrau to be inadw on iba *' Dwarf "| 
Tlie»e experiment* wet* carried out by aitaeliioc In a temporary marmer to th« 
iron plate wicoe |,tore« ef wnud, la a* to rwnilet nee after .body aa foil a* that of 
•oy of the vfmfU theo 10 pr«wre**. The gve#t rtsliKtioo of *peod from P knida 
to let* than 4 knot*. cau«<d nr thii altrratioa. un«qulv>vally allowed Ibe tm- 
prnpeiHy of ad-iptlng *0*11 a form ; and all thr «e*vet> (ben be courae of rna* 
•trucuon. fTXre)>t lh»*e wot eu Akw r i tly adtaecml to render n«vc#tarr toy alter* 
aika. were to a greater or le*« eitcrit Improved to Ihe form of Uielr alerwa 
Imiwrdlaiely before the terra afWfture.] 

The grcai Imporiance, ur rarher ihe arcoattty. of Inirodticiwt form* rakvlatrd 
to ad tbe arthnkof I lie irrew. ranuut to qtovllcKied tn tho»* ci»ei a> which 
a high tpwfd H regarded a* kidupetivabAe, k being e« dent that In tueh ra*r# a 
prcif^r hirtn it aJIvo lodltpenaable, tor etihout k thr utArct nf high «*<^ it ikK 
alUtuable | bus evrw when a mndrrate ipawd only la rrquirrd, a audablc tonw. 
although nea, a* la tha former c**>s auawhitel} nccewvary for ebumlwg th* 
requirwl tpwwd, will be eeeo to br of gTeater Imporuace than 1 * rev^pa m*a> 
mouly tupm'tM. by a tontMlereitoa cf thr great waaa* of power aM its attnadanl 
eelU wcnMnnrd by iJbr ad'>p(ton of (he contrary furwi. 1 C for eaaanple, a Uiip, 
which. Ifuf Uia priipar r»m, wuuld to |irnpell«d at T| kit^i, it pro^lkd at A 
knou obly. akcwii nae-hall of (h* mxglwe power It throvm away, ihua watting 
half (he urigiiiaJ covt of th* englwea aad bodrr*, tarurriog double ihe current 
eipettte uf wear and (car. couauming duoblo the quawtiiy ef foei, aad luting tlw 


* Iw thk view I compMrly concur, and gearing may laderd be alraady 
nuked m amordt the antfouuie* of englweertng. It only add* Mother m th* 
ouby eKivilag laruwcM of human pervenay. 10 find pngine*** till) clrnghig, aa 
to m e of them (till dn, (w*a *u{,erAiMMi* and rumberinme an exrwdlMl aa giBring 
mutt now to regxrdrd. fUit Ito gtaviuilow of fact i* IwerluLw and caanot to 
rrdtted. and Ir there he ewrtneen who will no( gire gearing up, the pubiK will 
SMuredlv give ap ibem. it la a mnnairoua thing ihat engine* ahoultl to iwato 
four 0* Av* tlflir* larger and heavier than k oecetaary ; and fia whM purpov * 
In dlmlfilth wear and tear f that nua equally to dimlnulted by giving lo all the 
toarmg* an amnurtt of aurlace which U praponional to Um tncreaMd tpced ; 
aad It would be )u*l a* reaavaabi* to drive cum (non eogioe* al half their itend, 
U> order that (h* bearing turfacr* mlghl to iwke a* narrow, m to refrain frven 
IwrrwaJtiig (to ipcMl of tcrewr Mgine* oo (hat arcoimt. 

t I have made aom* remark* upon thti tutfiaa ta rnniamting upon Mr. 
Hay*' Irtief. given in thr Apprwdia. p xalt. 

t Tto diAkwliy k ibc tm n-a*cd cottaumpfkm of foel k> *wrM)nter(ng head 
wind*, a* vmeHki arrying iraportanl nnalk reqwirc todo. It la Maibfe.oo dixibt, 
to make a heed wind aid ilie progreva of a veaael amre Uiaa It retieta bre pco- 
gr*a*. bu( Utia Idea ba* not yet been cvrlad iMu practical effect. 

I Tbear cxpcttmeiK* were made an (he iuggiatioa of Mr. Lloyd, wha doubtod 
the nmpriety uf making the atornt of (be veaaels to full aa wat'ai that (tom la- 
tended Mr Iknilh mavlderwl that a full M*ro wnwld enable Ih* acrew lo hU 
to a more rffioMi manner, and tbl* new would perhapa be correct If the tpwad 
of the vetKl were itc« dimlMthMl. Rut (to Urge diminution in th* tpewd. vaw 
sequent up>M> Ih* lUltoM af the Wrra, raducro (be column of watef *»>ich tha 
•rrew hat lo an »T«ti. and impair* the ettcacy wf ib* tcrew a* much a* th* 
efflraCT of the atop, wbike (he recetvton of U>* wale* caated by tbe acrew Increaaw* 
the diffkultT (lie water experkwee* 1# ciDaing ia a( the vtmi. Nu«hli^ k mor* 
twiywrUcii to the tuct'caa of terrw veuri* man to nuke tbe item very *4iar» «»d 
Arte ; and la vMMb whwb an mu fine al the *4cr«. it will to bvttar, I toSirte, to 
piK* (h* icrvw aum* liUia diaUara astern of the ahip iliaii to (he usual 
place. 

N Not only waa tbe speed greatly rrdwred la th* * Dwarf*' by l•m•ttog iha 
f«la*M «f (b* alan, but w baa tu a)i«r*d aba «#«td awt Mom. 
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adT«iiiUf» of difpnitrac vtth btl< Uw vtlftii of he41en. «nd cooH, and 

T«d««k *4 by on»-tM]f Uv» ipM* which th»y ortnipy In ih« iJilp s or If the «c(«h( 
•ml •!>•(« w«T» tiftC nlruMMt to prwhKW M>ri(HU lornarenioacc. ibrowiog away 
lb« rafabilbr of rarryhif («•> for pcrbapi threw lim*a ihw ournbor of dajw. 
IVobablf tun ennitdcratMM aa IbaW induced tht board to order the after* 
boiikrt of ao many actew raaMlt to b* Improrad. with a view q 4 iniurlttg ad> 
raattgra whkb war* oeithre douIMful nor of wwall loammt. and which appaarrd 
to oaitwelifh tha raped** Of mahlng cH* MCrMary alirratloBt. SuhM^uant 
oaperiwif* el«rlr prared lh« aoundnota of th« riewt ihu« earrWd out.* 

Th« KTPW pngtnra ordered from I Ml to IMt amount la a; la |M4 1 » M, la* 
chadln* “ Errhoi" and 'IVnar In 1M7 to $; aitd la IMttoi, for pfnnaeea 
of " InraHintor “ and ** Bnarwatll i ” makinf the total number 4k. 

Thr niMnliwr* la Ih* iMt (xdiMtin of U>* Table (glren *f pag* tU.c^the An* 
pwndla). and la Ibe onluma neat but on* precrdlat It, abow appmalmatelr tha 
rrUtIrv eacellaara, la reapect of *p«*d. *f tha nraia af ihr rarhaai i^pa. 
(osjotatlj with Iba ralatlr* eAeMaey of Lha propallar, at to neb of 

thm. 

Tba Caraaalm b* which the calculaliona are made are Baandrd oe tbr iMunp- 
lino that Uk laaiilaar* of a tbip rarlet ai tha Kiuta of brr t*tocdy, and 


* tl la ta ha rcgratird that all like thipa o< the Siry, wbrtbrr propelled be 
a*|li or Hram, ara not made of a form aoiwtrlng to the rtrwa hew espmtf^ 
The rapaMNlea of a rcHel to carry guM, or any other detk toad, are sot 
dimlnttbed by etrmc her a forai aultabW Car apeod i and a reduced eipeaar and 
aa larreaicd *<Bc)n>cr wouM be the raauK of an amended form. If faal reatelt 
are good ta* the merrhsM terrire, they are gmid for the Saryalao; and If 
antiquated Idmu rould be only dlamlated nd aniVquated prrjadirra e<inqi<*r«Ml, 
a rcry luprrior daM of «et*eli would ipeadily ba nmW aralUble tar the public 
lerrlee. One of Ihete prr;udlcr« U, that mwn taU a oaral aum ran underitand 
or ream* the condMtoiu wblrb at* nereMary to mablc a reuel to carry gan*, 
and be niltabi* a* a o*r reetel la other retpettc; whreeaa If ibe (tNtdlilont, 
wheterrr they mey he, were only ipeclfiod. and lb* lo^rnulir ef the ruualry 
dirrrted to their rr^ifaiku, M wouM mmo be found bow t^wrlor wotiid be tha 
ratult le any wbkb bat been berotofor* obtalord. 


iherafAre that the power ragulrfd to prodac* that rrtoHty rarlet a* the rub**, 
and that Um utefol rffret of the ragla*. tW U. the <-A-n ohlcb remalni alter 
daduning the pow*r ^beorhnl Is otaroimlng frlnlon, worbrng alr*putab«, br., 
beurta ccewtant rttio to the power dereloi^ la lb* rylln^, kaowfi by t^ 
term ** ladlratrd llnrae Power. The rrolitance U, id the flril of Ibroe mlumnr. 
ajiu m i d to rary e^lrrit pnrviwi. at tb* amt of the mtdahip amitia, tod In 
latt rolumo at tb* cube root of tht iqntrr of the diaptaoratefli.t Kone of th«M 
ataumptloM, howerer, more #«p«rl<d]y tht Ittt toe, are abtolwtely cwrrtrt, 
but probably ih*y art om m Car frum the tru«h at to render uart^ and wile* 
tarntlag t ctimptrltoa, of whtrh they are the bMit, mad* b*t«**o the per. 
formaiicet of a»y two tcrew thlaa. while bHwara two rrt**!* whirb do cm 
aiateriallr dlAe ta engtnee and dltpla ce neat. at in the art* of ihetr laMthlp 
tectioot, eocb a comparlMm It not only highly laCeretlltig. but H may prott of 
great talue to poluing out the furmt of »hip* tM proportion of propel am which 
ought to be adopted, la loaae airtkinf caaea It tt aturwiy necotaary la maba aejr 
othar ronapariton than that of apecd. Voe rsampte, the *' Tanttr,'' alter h« form 
had been Improred. want aboe* a knot an honr fatter with 40 bora* mgtnaa ttm 
tbr had preetooaly poo* with caglaaa of 100 bora* power. Again, tbta* anglaca 
of lOQ bora*, when traMbemd ta lha “ Hittemaa,'* a rraarl approachiag to dmibfo 
tba tunnage, drwre hae, after bw form had bwn altered, at fwt at the wa* 
preriantly driven by englnca of double the power, and aaarly S knota faatar 
than the tame angtuaa droee the amallar vatael before tba ■Iteration of her 
altrv'body. 

Semttrtet Aenar, May. IIH. 


* Tb* retorltr, bnwercr, rarlet in a aomewhat higher ratto than m the aanmr. 
at hat been raptained In the bedy of the preamc work : and I be** alto aiplaiecd 
In lb* body of tha work, that Ibe Uworctical thruat of cn* acraw abaft, lUminwhed 
tb* actual tbruat at ibowa by the dynamoatetar, glvaa tba amount of {rktlon 
the rnginea and aerww. 

t Any aurh ruaapartaon, to aMhrd eorrert relalire rraulta. ahoold »*>* rrtg. 
•laanre nut nerriy of ibe form of the rottei and the propeetlon of trrttonal 
■raa to the engine powrv, but alao of the alte of veateV at taatll veaaela are 
propelled with mo«« tUAciilty tban Urgar, eran when tb* roatela kr« ali^Ur in 
ail otbar reapacu. 


woooEir Airo zaoir steamers. 


Tbv riOfttiTe gdv«nta.gtr« of vood tad iroo u % ingterial for tbe 
eongtraction of ihi^ «i»<l steam vraarla, haa now become a questioo 
of much pmrllcal imporiaiice. Sfroog ofMniooa are held in favour 
of each material, bat extreme opiiuona carry a preaumpuon aj^loct 
tbeiD in the eftlmation of impartial inquirer*, a^ the truth apprart 
to be, that iroD abipd are neither to good nor ao had at haa 
been represented. Oar experieticeof iroo shlpa » atill too limited 
to enable txi to any bow much better or worae they are than wooden 
ahipa, ander all the vary big circanuUncca which arise in practices 
bat we have acquired sufficient experience of them to know that 
iron YtiwcU are, in acme cases, better than wooden tcswIs, aod in 
otiier rases wnrar, and any opinioo in reference to thU sul^ect is 
certainly wanting in diaenmiDation, which implies either ancon* 
ditionsl praise or aneonditional coodemnatioo. Instead, therefore, 
of arraying ourselves aa partiaana of any particolar specie* of 
▼easel, it will be more oseful to inquire what the circutnstancea 
are, in which iron can or cannot be employed with advantage aa 
a material fur the eoagtractUm of ahipa, and here the evidence of 
&cta is the only proof of digibtlity which can be accepted. TTvc 
prev'sUing propensity, in all soch ioveatigationa, b to geocralire 
upon loo narrow a bMt of obsermtion ; for it is a more laborioos 
thing to ascertain or Tcrify facta than to coin a theory or adopt a 
dogma and we most be careM, therefore, that we accept every 
fact jost for what it is worth, and for nothing more, if we wiah to 
avoid a coarse involving the necessity of tubaeqnent retractation. 

The main objection to timber, as a material for building ships, is 
its liability to decay, and cases have several times occurred in 
which vessels have been destroyed by the dry rot while still opon 
the stocks. The “ Ocean," ** St. Dotnin|ro.'' “ Ajax,** and varions 
other veasels were completely worn out m four years, and four or 
five yrars appears to he the atmogt longeviry of frigates built of 
American pine; but cases, nevertheless, have occur^, in which 
timber vessels have tasted UK) years, so that rapidity of decav is , 
not the necessary concofniiont of the adoption of timber, tile i 
** Royal William.'' a wooden vessel built in 1719. lasted more than ‘ 
100 yean; the ** Sovereign of tbe Scaa," built in lasted ' 

fony-seveo yean; and various cases of merchant vesscU lautiDg • 
ftom forty to fifty years, might be recounted; but the armtyt | 
duration ofa ship is estimated by the Commisslonen of Woods and i 
Foresta in their Keport of 1 8 1 2, on Timber fur the Navy, at fourteen ‘ 
ysnn» and there is every reason to believe that even this estimate 


I ia too high. Indeed, tbe dry roc is so trescheroua aod destmetive 
' aa enemy, that it is ^Acult U> secure immunity against its 
or to pr^ict the rate of its devastations ; and notwithstanding the 
progress of science, dry rot certainly sppean to have latterly 
become more prevalent than it was in former tunes. This is no 
doubt mainly consequent npoo the uae of an inferior quality of tim* 
her; for it is well known that some kinds of oak will decay much 
more rapidly than other kinds, and the largest and bcat-looking 
timber is verr often tbe worst. The Dermast oak is tbe best spe* 
des of oak tSat grows m this country. A belt of this kind of oak 
runs through the New Forest, and it may be rradily distinguished 
fmm the caromon oak by the diflrrcnoe of its leaf The Stisaex 
oak was formerly in much repute, but this species of oak is now 
hardly to be got, and a great deal of Welu oak is now used for 
shipbuilding, alibou^h this species of oak is of a very perishable 
description. Tbe live oak of America is almost imperuhabic; 
but this kind of timber is scarce, and does not find its way to this 
country. The oak of Brittany, which is used for tbe constmetion 
of the rrssrli of the French navy, is of exorllcnt quality, bot the 
oak of tbe RbrnUh provinces, whieh is most used by tbe Dutch, is 
of s very perishable naiurv. and is nsusdly salted to increase its 
durability. Tbe various mrthoiU of preventing dry rot in limber, 
from which ao much benefit was at oo« time expected, have not 
been found to be of much practical importance. Kyan's pro- 
cess for preventing decay bpr eoagnlating tbe albumen of tbe sap 
by means of corrosive sublimate, b not ooly expensive, but it is 
fbund that the preaervative material eorrudea the inn bolts drirni 
into the timber, and this method of preventing dry rot haa conae- 
qtiently fallen mto dbuae. The pmemses of Wync, B^cU. 
Margery, and Burnett, all profess to preserve timber from decay 
and from the ravages of insects ; aod to test the valoe of these pre- 
tensiotfa, I took with me to India pieces of timber of various 
kinds, prepared by tbeae irvernl patenlees, sad cansed them to he 
exposed in aitnattons fovourable to tbe attacks of tbe white ants 
and to decay. In a dry litnation no change was visible during 
tbe lapse of some months, but in a damp titnation the whole of 
the specimens began to decay, and they were all attacked b) the 
white anta, and would have been spewiily eaten up entirdy if 
they hod not been removed. Tbe pieces of wood prepared by 
Bethell's process of impregnating them with creosote, were leas 
decayed thma the rest, but wood to prepared ia very inflamiU' 
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ble, ind B^rorml rtilwiy riAdacta, boiit of tnnbrr prepared in 
this manner, have been barot down from accidental i|^tioa 
caowd by the apark# of a paaung train. 

In aome of tnea« procesae* the timber U belled or ateeped in 
the preaervation liquid, and in othera the liquid ia fore<^ into 
the porea of the wood by bydroatatie preaaure. A more effec* 
toal method of lmpfTf:oattoti, boweTvr, coanUu in introducing 
the liqaid into the lire tree, by pouring it into a trough uf clay 
round the trunk — two augur holet near the outer et^'S of the 
trunk, with a wide aaw>cot between them, haring been pre- 
rioualy made, to enable the liqtud to be sucked up by the vital 
action of the tree itaelL In the dockyards the timber ia boiled 
In fresh water to coagulate the sap } but this is a very loeffectual 
method of preaerrailoo, and heavy repairs are often required by 
Tcsaels which are nirrer out of port Indeed, U has long been 
known that veaMls laid up in ordinary often require heavier 
repairs than vesaels which bad been at sea, and it is found tliat 
the yachts which lie for the greatest part of their time upon 
the mud at Cowes, ^ the dry rt^ whereas those that go often 
to Sea arc free from it. Vcasels lying up in ordinary bare alwaya 
some stagnant bilge- water in them; for the pumps of all ▼csm'Is 
foil (o drain them completely dry, and this stagnant water pro- 
motes dry rot to a serious eatem. It would consequently be 
found a great preserraiion to vessels laid up in ordinary, if they 
were each to be provided with a aea-cock, which would let water 
in occasionally from the sea or river, and alM with a smalt windmill 
for working the pumps, whereby the water so admitted would be 
discharg^ overboard sAer having performed its work of purifica- 
tioCL The windmill being quite small and portable, would be 
removable from ship to ship, and dry mt might thus often be 
arrested or preveoted at a very triding trouble and espense.* 
Some baildcn, by a careful selection of their timber, by its judl- 
cions distribution in the vessel, and by proper arrao^mmts for 
cleauUness and ventilation, have been so successful in prevent- 
ing dry rot. that they hardly know what it ia; yet, looking to 
the common class of ships, it ia oertainly a serious, and ap[>eara 
indeed to be an iocreaaing evLL As country becomes de- 


nuded of its fbmta, oak of a quality suitable for shipbuilding 
ceases to be readily obtainable, and inferior kinds of timber are 
coasequcQtly employed, by whkb the durability of <mr vessela 
is diminisbed. But while there is this increasing penury of 
wood, iron is a material which we poaseta in greater abund- 
ance than ocher nations; and while it is the ten^-ncy of events 
to make oak and all kioda of tiralwr of home growth dearer 
aud dearer, it is equally their tendency to make iron cheaper 
and clieaper. Every rnipmrement in the manufacture of iron 
diuiiniKhcw the cost of its pmductioD. and it will be a manilbt 
national advantage if these improvetneota can he made subser- 
vient to the promotion of our maritime ioteresta. Those inte- 
rests will certainly be promoted by any agvuey which diniiDishcs 
the cost and improves the quality uf sbi])S] and if the use of 
iron can be rendered instrument^ in any measure in producing 
both or either of these effects, and at the same time enables os 
to enjoy the benefit in a larger nietunre than other nations, we 
are certainly warranted in tUriving much sotlsfaction from the 
anticipation, Nor is there any reason why we should be dia- 
couraged or tcar(*d by a frw uDsucccssfal experiments, or be 
detent ftvm pursuing that career of mechanical endeavoor, 
upon which wc have deliberately entered, and towards which 
we are impelled by the exigencies of our pretest comlilioa. If 
good and clieap wood be becoming every day more scarce, and 
good and cheap iron more aboodant, the relinquishment of the 
one material to a considerable extent, and the adupiion of the 
other, is a physical necesaity, eveu although the cheaper mate- 
rial is found to bi* the worse; and with il^ pressure of such a 
necessity upon os, H is quite impoMiblr that iron vessels should 
be dueled or pot aside on light or hasty grounds. There 
are, however, vamms substaotial objeettofls nttnehing to iron 
Tcss)*ls which, though perhaps not inniperablo, do certainly exist 
at the present time, and it will be proper to couaider these objec- 
tiona, together with the remedial measures suggested by those 
who are moat converunt with such subjects, or which have been 
found to be most effectual in practice. 


FOULINO. 


Tmt acctunolatioD of aca- weeds and hamaclea npon the bottoms 
of iron veasels, though oecurring to no Inconvenient extent in 
these latitndea, Is found to be a weighty objection tn the case of 
vessels plying from this country to the Black Sea or Mediter- 
ram-an, or ciopJoyed in a tropicsd climate. This fouliug of the 
bottom la more rapid If the vessel lies in salt water at the termi- 
nation of every trip, than if abc hu to enter a river, or othirr 
tract of fresh water; for the marine plants and animals will not 
live in fresh water, and generally foil off the bottom if the vessel 
coDtinuea in fresh water for any coosiderablc time. As a general 
rule, iron steamers plying upon the coasts of this countr)’ will re- 
quire to be docked every twelve months if kept eooMantly in salt 
water, and the bottom will then be found to be partially covered 
with small ihclU and long grass, which may be swept off with a 
stiff broom. If one or both of the termini of a voyage be in fresh 
water, docking will not be so often required. In the case of vcs. 
mIs plying to the Black 8<a or Mediterranean, docking is advis- 
able every six rooetba, and in the case of vessels ruuning in the 
Indian seas, docking is advisable every four moiiibs, if the vemel 
does DOC lie at the end of the voyage in fresh water. A. Curstqjee. 
chief engineer and inspector of machinery to the East India Com- 
pany at Bombay, reports that when the ** Indus** steamer was 
taken into dock at that port, be took barnacles off the bottom 
twelve inches thick and eighteen inches long; and be also men- 
tions that U»u “ Nemesis ” was a mass of barnacles npon the bot- 
tom. Captain GribUe, the Peninsular and Oriental Company's 
Huprrintendnit at Bombay for some years, writes as fcdlows, in 
auswer to my inquiries : — *' Betweiu Bombay and China no ship 
should be longer than four months without examinaiioo. The 
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fouling process commences imnMHliBtrlT after undocking. At first 
the b^tom is covered with a slimy dep<»Jt of a vegctoble nature, 
upon which the incrustatiem rapidly takes place. This deposit is 
readily scrapi*d off by divers. To nuimain the regularity of a 
mail service, four months is the outside limit that an iron abip 
should run witbouf cleaning and psinTing on the Bombay and 
China line. The ‘Pottinger' iron stesuroer. which left England 
in February, 1947, to perform a voyage to India round the Cape, 
was docked in BomI«y in September. The bottom was very 
foul \ the baruacles were six iuches long, in large clusters. 
In the run a second Iyer had begun to fonn. The * Pekin,’ 
which left England in Ichnury, 1847. was docked at Boiuliay in 
October. I can compare her to nothing else than a half tide 
rock. The bamnclrs were nine iuches long, the second strata 
being complete, with a feathering coral formation sprc>uting 
fmm cluster to cluster. The stench from the decompoMd aot- 
roal matter was so great, that no one could remaiu uu board 
at night, and the paint was tarnished. The * Pekin,’ althoagfa 
a fast ship, bad her speed reduced by the fouling to six and 
a half knots per hour. I have reason to believe that lying in 
fresh water for some time dettmys the marine animals which 
adhere to iron shi|>a. aud the frictum of the water passing the 
Vessel, if in a river, or of the vrfarl passing thrmigh the water, 
if at Sea, causes Uh‘ adhesiims to fall off after their subjeettoo 
to fresh waUf for a snlCcicnt time. I cannot state the exact 
time requisite to produce this effect, but having tent the * Pekin.* 
the ‘ Malta,' and the * Pottinger.* to Whampoa, to try the effect 
of frrsh water upon them, it was found that their stay of three 
days was insufficient to sccompliah the desired object” Such is 
C's^tain Gnbble's experience, and it may be added that the expe- 
rience acquired on ^ Calcutta and Sues line, shows that ab^t 
eight days' subjection to fresh water will caosc the marioe 
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to di« lad lUl oC It ii not ne««uti 7 . therdbre, to dock thooe i 
abifM to frM]ueQtlr m tbe ahi^ upoa tbr Hnmbaj »od China line, | 
Ibr every time tb«}r come into the lloofrbljr tbcj are in • Kteat 1 
meMoxe cleared of adhcsioai by the natural operatioo of the frnb 
water. 

It ia DOW a well aacertained ftet that rapidity of foulinft is not 
a mere qneatioo of latitude, and that ofdifferrot places is the Mine 
latitude, and of the tame average temperature, fouling will occur 
moch more apeeddy in aome than Id o^en. In reference to thia 
Mbjeci, Capeam Oribble aaya, ** Oalle Harbour and Umxk Kong 
are the worst plac<‘« for encouraging fouling I know o£ 1 cannot 
account for the badnewt of die funuer except Uiat, as an indrnta* 
tioQ of the coast line, it nuy Ibrra a receptacle fur marine animals 
swept towards Ceylon by the prevailing westerly carrenL Un 
comparing the enginecra' logs of the Company’s ships, there is 
found to be ver) little variatioo of density, except at the bead of 
the China Seas, where H is greater than any Mfaer part of the 
vorage from Bumbay to Chi&a.” 

Iteiicving that aome antidote to fooling might be found in the 
practice of the boatmen of the several localities where fouling 
tnust rapidly takes place, I bsTe directed my inquiries to the la* 
Testigition of that subject, but I do not 6nd Uiat any expedient is 
employed by the natives of the East, by whicli the progress of 
fouling can be materiallv arrested. Captain Gribblr says, in re* 
ference to this topic. ** C'bunam and cocoa nut oil is applied to all 
(be boats and craft on the western coast of India, the Persian 
Gulf, the Str&ita, and Seas to the eastward, and on tbe coast 
China, It is an exceUeni preservative, and requires renewal once 
or twice a y4*ar, according to the trade to which the vessel is 
engaged.** But it is against the perforatioo of the nneoppered 
bocbiou of the boats by worms, ratner than against marine adht^ 
sioos. that this expedient of preservation appears to be directed t 
and there is no reason to belicTe that such a eoropoeitiou, which is 
in truth only a kind of putty, would be found of any efficacy in 
prerenting the fouling of iron Tcssels. Captain Moresby, of tbe 
Indian Navy, who has had much experience in tbe navigation of 
tbe Indian St-as, recommended some yean ago the trial of a 
native composition for |»%venung incrastatlon, of which aloes was 
the pnncipal IngredienL Captain Moresby, in a letter written at 
this time, says, ** A general upinkm appean to exist In favour of 
some external covering for irtm ships, and 1 know of nooe better 
suited to (be purpose than a mtsdicated applicatina long in use 
among the Persians and Arabs, tn protect the bottoms of their 
dhows and other vessels from the adhtwion and consequent depre* 
datioQS of marine animals, and which appears to owe its proCreiive 
power to the character of its pnnelpal ingredient alow, which 
either from its bitterness or from being ■ positive poison to such 
animals, completely prevents their adhesion, and as this, in tbe 
ease of iron ships, is a desideratum, a trial of it might be made ; 
for I see DO reason why the application should not tii as beneficial 
in the uue case as in the other. The formula for its preparatiim 
is as ftdluwt; one ounce of aloes mixed with turpentine, taiJnw. 
and white lead, is sufflek-nt for covering two feet, and it requires 
aboot twelve pounds for a vessel of fifty tons burden. As a sim- 
ple modification of ibis recipe, 1 should recommend that to tbe 
common red lead paint, usually applied tn tbe bottoms of iron 
vessels, such a quantity of aloes ibould be added as would make the 
composition correspond as nearly as possible with that used by the 
Aruba. One hundred weight of aloes would be about sufficient 
fur s Tcael of &00 tons burden.** In conformity with thia recom- 
mendation, a composition of red lead and aloes was applied to tbe 
atrarorr ** Ripon,** plying between Southampton and .Alexandria, 
bat it WHS found to be wholly ineffceiive in preveoiing ftmJing 
from taking place. Perhaps, however, tbe aloes was bad. 

At a very early period in the history of iron ships, it was found 
that a poison such as arsenic mixed with the paint would for aome 
time prevent marine inenutatioos, bet after all the arsenic in the 
extenor layer of tbe paint had been dissolved out* so that an to- 
soluble film, which had been divested of its poison, was pressmted 
to tbe water, fouling was found to go on as rapidly as if a pm- 
aoooua paint had not been applied. It was eonaequently perceived 
by Mr. UalleU, of Dublin, in order to enable any poiaoooos 
paint to remain effective for any cooaidcrable time, tbe paint itaelf 
most be of about the same aololMlity as the poison mix^ with it, 
nnd a nomber of practical experimenu were made by Mr. Mallet, 
which eomplctcly established the soundneas of this ingvoioua hypo- 
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thesis. An iron ship may conseqnenily be preserred both frxMB 
fouling and from corrosion bv the following course of procedure:— 

Fimt of ail the hull, after having been made perfectly clean and 
dry. must be coated with a protective varnish. which asphalium 
is the basis, and Mr. Mallet rrcommeniU thai this coutpusilion 
should be laid out with a spatula, or long strip of horn, rather 
than with & brush, as a brnsh leaves mionte air bubbles. Before 
tbe vamisb is applied, it is advisable to beat tbe surface of the iron 
in succetaive portions, by mesns of open coke fires, or by any other 
conveuk-at auwnx, and for (he best quality of preservative vamisb, 
Mr. Mallet gives the follow ing receipt : 

Take fifty pounds of foreign asphaitum, meH and boil it in an 
iron vessel (or three or four houta, adding gradually, in fine pow. 
der, sixteen pounds of red lead and litharge, ground together, in 
equal proportions, with ten imperial gallons of drying linseed oil t 
bnng all to a boiling temperature. Melt in a aeparaie veasel eight 
pounds of gum anime ^wbich need not be of tbe clearest or best 
quality), add to it two imperial gallons of drying linseed oil boil- 
ing, and twelve poutsds of caoutchouc, softened or partially dis- 
solved by coal-tar naphtha, as practised by tbe makers of water- 
proof clotha Mix adl together in the former vessel, and boil 
jpnitly until, on taking some of the varnish between two spataloa. 
It is found tough and ropy. When quite coM it may be thinned 
down with from thirty to thirty-five galhms of tnrpentinc, or of 
coal-tar naptha, and it is ready for ose. When iliia varnish cannot 
br roaveoiently got, coal-tar applied hot may be employed, and 
will answer nearly as welL 

After tbe application of a good coating of this pr e s e rvative var- 
nish to tbe vessel, tbe soluble poisonous paint is next to be ai plied, 
which Mr. Mallet recommends, should be prepared by taking a 
strong bodied thick |iaiot, composed of red lead, sulphate af 
barytes and drying linseed oU, and adding to every lOO pounds 
of this paint, about twenty pounds of oaychluride of copper, and 
three pounds of a mixture composed of yellow snap melted with 
an equal weight of resin, and a little water. The whole of the 
Immersed bull of the vessel is to be costed with this paint over 
tbe varnish, and it must then be permitted to dry and Itorden for 
three or four days before tbe ship is floated out of dock. Realgar, 
or sulpburvt of arsenic, Mr. Mallet states, may be used instead of 
tbe oxy chloride of copjier, and it appears to be a preferable mate- 
rial In some r e s p ec ts , as anv preparation of copper will exert a 
galvanic infiurnci* in romwiing liie iron, should tbe preaervative 
varnish happen to be in anv part nibbed off It does not appear 
that Mr. ^lalict's composition has bad any extensive trial, appa* 
rmtly from the negligrnce of the inventor in pressing it upon public 
attention ■, but, whatever may be its absolute merits, in comparison 
with other compositions, (here is very little doubt (hit the prin- 
ciple of a partially soluble and poisonous paint is the only sound 
one yet discovered as the means of preventing marine adbesions i 
and it appear* to have been by Blr. Mallet that this principle was 
first propounded. 

No Sooner were tbe voyages of iron steamers extended to lati- 
tudes where tbe fouling of the bottom takes place to rapidly as to 
give rise to scrioas inconvenience, than (he public ingenuity was 
stimulated to the device of measures calculated to rem^y the evil. 
Most of the resulting projocti, as usually happens In s^h casco, 
were failures ; but to test tbe relative merits of the various com- 
positions which had been suggested, the Peninsular and Oriental 
StcaiD Company directed one of its siearaers. (he Ripon," to be 
painted over in spots with the whok> of the different compoaitions 
which liad been laggestcd as a remedy, with the view of afford- 
ing a fair comparison of their respective qualities. The following 
are the names of the parties who s{q>li«d their coapotitiona to the 
bottom of tbe ** Ripon,** on the 27ib of Jaoeary, IMS;.— Lees, 
Moresby, Clarke, Inceaod North, Hayes, Chanter or Weddertted, 
Grantham, and Parker. After running the nsoal time, the veaael 
was taken into dock and examined, when the following appear- 
ances were presented : — 

Lees' composition: u foul as red lead, hard when scraped, but 
there was corrosion b spots. 

Moresby ’■ cumpositioQ (aloes and red lead): could not he dis- 
tinguished b any way, either in colour or cleanlioeis, from red 
lead. 

Clarke's comp^Uon: font, rusty appennnee outtidc, and corro- 
sion penetrating into tbe plate. 

loce and No^’s comp^kn: btntaeks and grus as on tW 
3 
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lead, bat eo corroaion ; hard, and when aentped, tbe oompocitioo 
apMartd prHbct. 

llajM* eompo«itinn : moeb oorroded utd fool. 

Clarke’* coenpoeitioo (Na 9): rtry fool and corroded. 

Chanter or Weddem^ . foal and much corroded. 

Chanter or Wedderoted (Na S) : appearance clean, and ▼itbont 
corroiioi). eicepting npoo alter part of plate; but when atruck 
ottU a hammer it acaM off, abowing that oorrouon had taken 
place beneath the painL 

Grantham'i eompoattkui (oofe part taUov, two rewn, ooe aiil> 
pfaur) : foul and rtry moch eorroded. 

Pa^er'« emopotitioQ; more eorrooloQ, baraaelea, and ^raaa than 
npoo red lead. 

The rcaolt of this trial waa eonae<|aentl]r to abow that dom 
of the eompoetkma which had been tried would prearrrr an iron 
▼«ael from foaling and eorroaioo. A Trry different rceult, how. 
ever, haa been fabaeqaentlj obtained bj the application of a kind 
of paint oomponnded bj Mr. Peacock, of the ilwthamptoQ doeka, 
which ia fotind to be exeecdingtj effective in preventing both 
fouling and corroaion j and it ta thie property of thia paint, more- 
over. to preaerre a alippery aorfhee on the iron like the back of a 
f»h, whereby the velociiT of the veaael through the water ia aakl 
to be Bomewhat iocreaaeA Captain Eogledue, the Peninaolar and 
Oriratal Oampany’a Saperintendent, at Soutbwptoo, heart very 
Avoarable tratimooy to the eftcacy of thia paint. He aaya, ** the 
firat ahip regularly coated with the compomtioo was the ^ Ripoo,’ 


on the 3rd of Jone, 1S49, when she was don* on the atarboard 
aide with one onaU over a coat of the Patent Alkali Company'a 
Mrple bn»wn paint — the oritfinal red lead not being aerap^ ofll 
The opposite or port aide waa ^oe with the osiaal two coats nf red 
lead only. 8bo came out of dock on the 8th of June, and left for 
Alexandria on the 80th, irtoming to Soathamptoo about the end 
of JoJy, at which time Mr. Peacock** aide was <jaitc elraa, whilst 
the oppoaile side was covered with long tkiek graaa, which was 
seraph off four feet down from the water-line and recoated with 
red lead, the ship being heeled for the oecasioD. She left for 
Alezand^ *gain on the 20th of August, and before leaving that 
r port it was fo^d neeeaaary again to heel her and to scrape the port 
aide as before. On her arrival at Soathamptoo she was docked on 
the 4(h of October, when the port aide was again fonnd to be 
oovrred all over with long thick graaa and banenea of baraaclcs, 
whilst the starboard aide was quite free from graaa, although there 
were a few tmall barnacles here and there upon it Thia akle bad 
DOC been loaebed since the compueitioo was laid on in June, llie 
plaiea on both sides were foond to be perfectly free from oxida* 
tioD.** Similar testimony as to ha eseacy in the West Indies, 
and in many other attuationa where, without such a protection, 
fouling would rapidly take place, is given by competent obaervers ; 
and ihifr appeara no reason to doubt that ships may be preserved 
from fouling for friar or six months, even in the worst waters, by 
being coated with thia oompositioB. 


ANonrta of the most obvioos ohisetiona to iroa Teaaela La, their 
liability to corromoo, and several easea might bt mentiooed in 
which iron vnaela have been very apesdilv worn out from this 
aanse. Corroaion take* |dac« both externally and internally, but 
external corrosion never occurs to an inconvenient extent, unless 
the vessel haa been left undocked and ia covered with barnacle* ; 
and Internal corroaion will seldom occur unless tbe bilge water be 
aoflered to accumulate in the ship, and tbe operation of painting ia 
neglected. In the ** Gmppler ** steamer, when she returned from 
the coast of Africa, the plate* of the boctoio upon both aides, bnt 
especially the atarboard aide, were found to m so bad that the 
Tcsael waa pronounced incapable of frmber service) bnt thia re- 
Bult would evTiainly not have eosued, bad the vessel recidved that 
ordinary degree of attentioa which is known to be indiapenaable 
to the prrscrvatioo of iron ship* in tropical climates. It will not 
do, with our present limited means of preventing frraling, to send 
an iron stosrocr to any foreign statLon in a hot clunate, where 
she mast remain for rt»n in aea-watcr without any opportonity 
of cleansing and repainting the bottom being afforded. Sucb a 

C iedure is to ensure the destmetioo of tbe vessel ; for it is well 
■rn that many of the adhering ahell-ftah, and especially oyste^ 
rapidly corrode away the iron, and the bottom of tbe vemel will 
in time be <wten Uirvugh, If iheir depredations be not arrested. 
Tbe bottom of the ** Orappler,’' when she rctamed to this country, 
was found to be one mass of barnacles and oysters ; and in ^ 
cases in which vesseU require to contlnae very long at sea, or to 
be in salt water porta in tropical climate* for a coosiderable time, 
witbout an opportunity being available for docking or otherwise 
ckansing away the marine adhesions on tbe bottom, iron is, in the 
present state our knowledge, an improper material for the con- 
struction of such veiseb, inasniacb as serious iiyory to the iron, 
and an irapairi'd elBciency of the vesael, must ensue andrr eir- 
cumstaners so unpropitioua It is equally obvious that tbe adoption 
of iron as a material for the consimcuon of merchant vessels 
intended to perform voyages to tropical countries, where no oppor- 
tunity for docking can be obtained, is a measure of doubtfnl pro- 
priety ID the present state of tbe question. By Mr. Peacock's 
composition, U sppcsni certain that vessels may be preaerved from 
fbuliog, and frxKn external cormtion, for a period of four to six 
pwtnths. and where the length of the voyage does not exceed tliat 
time, or where the voyage i* p«rform«d to a foreign port which 


affords means of cleansing the bottom, no incooveDience fWiin 
fouling or external corrosion need be apprehended ; but where 
their conditjoiss cannot be fulflUed, it appears certain that, in the 
present state of our knowledge, iron is not the proper material to 
employ. Tbe fouling of the bottom, indeed, and rts attendant, 
corroston, is tbe great impediment to the more extensive rmploy- 
ment of iron for commercial purposes : and although the objection 
haa almdy been overcome to a considerable extent, and will, in 
all probulHlity, be overcome altogether, yet its existence, eveu 
in the present abated form, indicates tbe propriety of using only 
wooden vessels, property coppered, in all cases where facility uf 
cleansing and repaioung the bottom at intervals cannot be afforded. 
All iron vessels should endeavour to make a river or other tract 
of freah water one termlnas of their voyage, in order that an 
opportunity may be given to the fresh water to kill and detach 
the marine iucruatations, and by this arrangement the necessity 
for such frrqucnt docking may 1^ preveoted. Iron war steamers, 
also, emplojcd on foreign statiooa, should oceastooaJly go into 
rivers with the view of cleansing the bottom, unl^ there it a 
dock into which they can be taken. Tbe water issuing from 
sewers has a very corrosiv* action upon iron, and in some livera 
a galvanic action has been detected, consequent upon tbe straiom 
of fresh water tying on the stramm of salt water, forming, with 
the iron, a voltaic circle, whereby corrasian was promoted; but 
in most cases no appreciable injury has ariseo flwm this cause.. 
Tlic action of bilge water, and the attrition caused by ashes and 
bits of coal in the bilge when tbe vessel rolls, has. In some cases, 
w<irn off tbe heads of some of the Kveti internally. In vesaela 
carrying cattle in the bolds, internal eorrotioo is occasioned by 
the coodensed vapour from tbe cattle’s bnwih ; and betkoath thio 
hatchways there u eomision cansed by the rain which soinetimet 
falls wh^ the cargo is bring taken out Upon tbe whole, however, 
internal coiTOsioti need not oceasioo any Krions incoDvenkoee, as 
it can be readily prevented by kuepitig tbe vessel clean, dry, and 
WL'II-ooaied with red lead paint on the inside, and, as a general 
rule, no material ioconvenietice from internal corrosion is ex- 
perienced in practice. There are some kinds of cargo, however, 
which are very dectrnctive to iron ships, and ooe of these ta 
guano. Where iron vessel* are need for the conveyance of such 
commodities, tbe internal eorroaioa will necessanly he very 
great 
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la coBMqiieDoe of their akoee perfleet eondnetiag pover, there 
eppeen ever; wMoa to eipect thitt iron veaeeli eho^ be hotter 
in warm elunetee end cdider in eold elinatee than vooden veaecU ] 
but the diflenskor in thin respect, thoogh aaeertnined to eaiat, ia 
not found to be productive of practical ineoaTcciienee, and i< in* 
deed almoet iaapprvchible. (Apt GribMe, in reference to th» 
•object, saji, “ tbe diifrmice between iron and wood, at regardi 
tenperatare, m imraatenoL If the beat of tbe iron vcaiela were 
ain^ greater than that of the wooden, tbe difTerenee would be 
abown ID tba diiniiiiabed health of tbe crew* *, hot according to 
m; experien^ the iron veeMla are ignite aa health; aa tbe wooden 
ooea. In ihipe boilt with a break in the deck, with the heated 
air from tbe boUera, chimneyt, and aftcr-atoke*bole flowing into 
the cabin windowa in the fore part of the quarter-deck, the beat is 
aometimea aaeribed to tbe material of w hich the vcaacl ia built, inatcsd 
of to the real eaoee. Tbe difference ia very peroeptiblo in tbo 
' Achillea * and the ' Pekin.* Tbe flrat b the coolcat ship below 
I ever sailed in. while the latter ia complained of, from Uw above 
caoae, aa ooe of the bottesL*' Tbe troth appean to be, that what 
aainl; determines tbe tempnatare of a veaael in warm climatea, 
b the qnalit; of Ha veatUatkm i and 1 moat aa;, ftam m; ex* 
peheoce both to going to India ax^ in reuimiag from it, t^ In 
this respect the veaaela of tbe Penloaalar and (Mental Compam; 
are rooai defective. A veaael crowded with paaacagrra in a 
ooontr; where the thermometer b 9S^ in the shade, «kd with all the 
•kde-ports shot api, as in bniateroas weather reqoiraa to be done, 
needs aome more effectual means of wntilatioa ^n tba taartificial 
expedient of a windaail. which, nxkder aaoka cireumataikcea, b in* 
opmtive, and which, if heavy rains oeear, reqairea to be altogather 


removed. There appean little reaaoa to doobt that the aame 
cause which renders iron ahips hotter than wooden ones also 
reodm them more damp; for at night the radiation of beat from 
the aidra of the vessel, and the perfect cooducting power of tbe 
metal, oondcnaco the vapour io the air wHhin tbe ship, which ia 
eonaeqaenU; deposited in dew on the aidra of the vraael, in tbe 
same roanaer in which the vapoar of a hot room b condensed by 
tbe cold panes of glass ia tbe window, nntU tbe moisture b ao ae* 
cnnulated that it trickln down hi dropa. The captains of the 
iron Post Office packets, ranoing between Holyhead and Dablio* 
•ay that they cannot keep their clothes from becoming damp ; bat 
tbe same inconvenience b experienced in the deck-honsca of 
wooden vessels to a considerable extent, and it would easily b« 
remediable by apfdylng a lining of felt, sttkck oo to the iron by 
white or red IcauL In the camns of all iron veeacb the sides of 
the ship are lined with wood, and in the iron veaseb of the Penin- 
•alar and (Mental Ckanpany, running to the East, it has not been 
found that any material inconvenience from damparaa, caused by 
the internal condensation of vapour, has been axprrienced. Capt. 
Gribble asjsi, nevertheless, that ** there b certainly greater con- 
densation in iron, than io wooden shipa but tbe difference docs 
not appear to be ineh as would be apprecbble by a cursory ob- 
server, or to need any other means than good veutifauioo as a 
remedy for tbe evil. In aa iroo veasel, however, employed ss 
aa opium cU|q>er between India and China, the cotkdenaatioo was 
so great that tbe water trickled down and damaged the carga 
But thia incooTenicoce would have been prevented by placmg 
battens in the bold, which would prevent the cargo from coming 
in eontact with the vesacfi aides. 


DlSTtTBBAXCE OF 

Tax local attraetion of the of iroo vrawb was at ona 

time reckoned tbe most serioas unpediment to their use as tea* 
going vesaela { out thia ol^ectiao has now been ao fkr famkoantsd 
as to occasion but bttle ioranvenience in practice, and iron veaaeb 
are at present navigated in all parts of the worid with the same 
ease a^ certainty as wooden vrasela. Tbe local attraction acta 
with the greatest force when the needle lira athwart the vessel, 
as it will do when the vraael lies in a direetion east and west ; 
for the attraction of the ship has the greatest effect in taming 
the needle round when H acta with tbe leverage of the needle, and 
thia, when the needle b at right angles with ^ attracting ot^ect, 
it win necessarily doL In tome vesaeb tbe local attmetioo b 
eounieraeted by magnets, aoeording to a method suggested by 
Professor Airy t hut thb method of eompmsstion, tho^h very 
effectnal at first, loses ht efficacy as the magneu 1^ their force, 
so that sAcr a lapae of tome years it b so ittsccuratc sa to require 
the compssscs to be readjoHed. In other cases, a eomcaoo com- 
pass b employed, of which the errors have been previously aseer- 
mined and arranged io a Uble which shews the actnal course 
aosweraMr to anv apparent coone indicated by the c ompass, and 
by the aid of such a table of erron the vessel may be coTTectly 
steered ; bnl this method b liable to canse mistakes, and soiike- 
times tbe coireetkon b allowed oo tbe wrong side. In other eases, 
tbe Uhls of erron b dispensed wUh, and an unequally graduated 
card b employed, aa suggested b; Cbpc Spsrkes, wtu», b; ths 
inequality of Uie gradoatioot, represents the amount of ths error, 
and thus redresses the influence of the local attraction. Com- 
passra with oneqaall; graduated earda, constructed h; Mr. Sieb- 
bing, of Snutlumptoo. are employed in many of the Peninsular 
and (Mental Company’s vesstb, iad they are found to answer as 
well in India as in Europe. With compasses of thb kind, it b 
obvkoosly necessary to be careful that the binnacles are not al- 
lowed to be thUM after they have once been fixed s and It b 
eqaally obfious, tbai h b impoauble to take the bearings of Uteral 
o^ccts with sneb s compass, vrithont some special provision for 
tbs purpose. I hare requested Mr. Stebbing, of mtbampton. 


THE OOMPAhSEfl. 

who has had a great deal of experience in adjusting tbe compasses 
of iron ships, to favour me with the results of hb observatiou oo 
the subject, and he has accordingly forwarded to me a very able 
and interesting letter, which, however, b too long for me to insert 
here, but I will give a summary of its principal conclusions, which 
are as follows : — 

Compasses may be supplied to iroo shlca, whkb will enable 
them to be navigated with as much esse and erriainty is wooden 
•hips, and the compasses of wooden ships often need eorrectlon, 
io consequence of the large quantity of iron to tbe boll and rigging. 
Correcrions by magnets havs generally had tbe p refe i rnce over 
other modes j but oompasses adjusted on thb sysUm are not more 
correct than those with tbe unequally gradeated card. Tbe 
mclh^ ^ a corrected or oneqnally gradnati^ card b very suitable 
for IroQ vessels, and indispeossUe, ^ the binnacte com pastes are 
near one anoCher. Tables of erron applied in ooireetioa of th« 
indicatiotks of a common compass are aoeoiate, but inconvenient 
in their application and occasion mistakes t but if thb system is 
used, tbe eorrection should, in sU ca s es , be spjdied to the bin- 
nacle or steering compass hsclf, and not to an independent or 
standard compass, as b often tbe prmetlee. All Iron ships going 
long voyages should have ■ table of errors fee a eompuss placed 
at a particular height and in a particular position, and the height 
and pnsittou, as well ss the errors, should be entered in a book 
kept in a secure place, so that if the binnacles and eoerected mag- 
nets, or cards, are washed overboard or shot avray, a temporary 
compass with known erron may be put np. In vvssrls performing 
ocean voyagvs it U sdvitalrie to nave one compass with a cor- 
rected card, and the others corrected by m^eta. Compasses 
eorreeted by magneu are affected in their indieationa by the lapse 
of time, and also by a change of geographical position ; but tbe 
,!■«» are as yet ininifficient to enable the amount of correction 
proper for these errors to be preebely predicated. A eoapw 
nay be correct at some points a^ incorrect at the others- The 
errors of oske ship are oo guide to the errors of another, and tbe 
errors of ooe part of any one ship afford no indication of the 
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error! ioeidcvt to the other p«rt* j the errofi, howerer, are pene- i 
rally lew towards midahip*. Every iroa irteamer la beraelf a I 
mafireC and aoiDe hare the north pole aft and midiv tbe south pule. I 
The poles of the resael are not alvayt in the vertical plane pasaiDp | 
throuph the kerU hut, in aome ahips, raa from the atarbooixl bow 
to the port qsaner, and in other ships, from the port txiw to the 
•urboanl quarter, lu all iron resscU there ant two pointa, not 
always oppualte, at whkh there U no error; and there arv two 
other points at which the error ta a maximum, and the deriation 
pocs from right to left, and from left to right, but doc by ao arith* 
metical progression. Thus, in one range of fire points the error 
may he three degrees, and the next five points the error may be 
thirty degreec 


Such are the nain conclosioiu and recommendations offered by 
Mr. Stebhinp, and their value is attested by the fmei that iron 
vessels, supplied with oompassea adjusted by him od these prin> 
ciples, are now plying in every part of the world, and no practiral 
difficulty of mooMOt in the navipation of these vessels has y«t 
been experienced. In iron v<*sselii, indeed, tlie compaM has now 
erased to be a difficulty, and the supcrccssloa of what at one 
time was regarded as a very arriems difficulty, affords an eo* 
rourapcmcot to attempt the removal of other <»l^ectioos, however 
formi^ble they may at preaeot appear, and however imperfectly 
we may yet see our way to the accompliahmeot of the desired 
amelioration. 


EFFECT 

Thr last topic to which I feel it necessary to refer in connexion 
with iron ships, is the effect of shot upon them i and while I feel 
that this it one of the m<jst impurtant putnca of their pruhatioa, 
1 cannot but be aware that there are many persons who most be 
much more competent than I can be to drsi with such a subject. 
At on* time a confident belief prevailed, partly fW>m the result 
of expenmrnu tried with iron targets, partly from the experience 
acqnired of the effi^t of shot upon the ** Nemesis** and o4ber iron 
vessels in Chiaa. and partly from other concorring circamstaocca 
of a similar character, that iron vessels would withstand shot 
better than wooden vessels. At the preaeni moraeot, however, 
the balance of proof is cenmnly the Mber way ; and the experi> 
menu which were some time since made at Purtamouth show very 
clearly, in mr judgment, that irao veaseU, in their present state, 
are not suitable fur purposes of warfare. I pass over the experi* 
meats with the ** Ruby," and the experience acquired on the Rk> de 
la Plata, and on the Danube, during the war in Hungary. The 
French povemojeDt, too. has lately bceo prosecuting experiments, 
whkh hare rmultsd, I understaod, in a virtual coodemoation of 
tmn M earners for warlike purposes ; bat I pass over this cor- 
roboration of the other proofs, converping to Um same point, which 
have lately been afforded, and will confine my remarks to the 
late PortsmoDth experiments, as reported to the public papers to 
the follnwinp effect : — 

“ A large butt had been nude in the dockyard representing the 
two sides of an iron vemel, each side of thr strength a^ ennsistrncy 
of our of the large imo steam ships. This butt wax erected on 
the mud at a distance of 460 yards ^>m the ‘ Excellent,’ and the 
practice took pUcc at high water, from guns of different calibres 
and various charges of powder. Both shot and shell were 
fired. 

“ At intervals between the firing boats visited the butt to ex- 
amine the effects of particular shot u|>ua ll»e iron woHt. It was 
found that on the side on which the shot entered, that a large and 
tolerably round bole was made In the iron plate, thr circumlrrcnce 
being much Jugged, and the edge turned inwards. On thr op* 
noeite tide wbrre the shot passed out, thr hole was larger and also 
Jigged, the t^lge of tbc hole being turned ocitwarrU with occa- 
sionally snme rivets started. Some of the shot, from striking 
against angles of the iron ribs, were broken in pieces, the fi^- 
ments passiog nut at the opposite side, making holes of various 
sixes and formations, ffbells also appeared to have a destmciive 
effect upon the iron work in creating splinters, and the pkers 
of shell passed out through the plates at the opposite side, the off- 
side, in all cases, suffering musL To lest the effect of the splinters 
inside the vessel, a slight plank bulkhead bad been run up be- 
tween the imn s>drs of the butt This was found entirely shattered, 
and shows clearly how dreadfully the crew of an iron vessel 
wnold have suffered, more especially when it is considered that 
the spliniers inflict the most dangerous description of wrmods." 

Sir Charles Napier, writing to the •‘Tiroes'" in reference to 
this experiment, says, "the splioters from the iron were most 
deutructive. and the holes so Itfge that they could not be plugged 
op in actioo. Bat the most extraordinary thing is, that nearly 
tvery shot ^t into fragments : this will save our enemies the 


OF SHOT. 

expense of firing shells. A canvas screen was stretched acmss 
between the two sections of the butt, which was riddled like a 
sieve, although saose of the pieces of the shot were not bigger 
than one's naiL” 

I think no one can read these relations of faet without acqui- 
esriog in the mnclnsion, that iron steam vessels are unsuitable, 
as at present cooatrocted, for warlike purposes i and if this doc- 
trim* be assented to. the inference is inevitable, that the Admiralty 
would not be justified in permitting more iron vessels to h« buUt 
for carrying the mails under contract. One main purpose of these 
mail Vessels is, to be svailaMe ss vessels of wsr in auy emerge-ncy, 
in consideration whereof, and as a recompense for present services, 
a large annual psyinent u made towards the inaintenancr of the 
vnarU. Rut if the vessels thus SMisted are unsuitable for war- 
like purposi*!, one main end of their instiiutUm no longer exists ; 
and It ia quite plain that oonditions which are iio]ierfec(ly fulfilled 
must not bo w liberally rewarded. The question, therefore, of 
tbc effect of shot upon iron ships has an important bearing apon 
the mercantile navy, for it is very desirable that all ships of con- 
siderable siie should be capable of being employed for warlike 
purposes in cases of etnergruey ; and iron ihip^ ax at present 
coQstrncted. cannot with propri^ be so employed- Since, how- 
ever, the more extended use of iron vessels in our mvrrluutt service 
cojiDot, under the iDcreasiog dearth of timber, be prevented, and 
since, moreover, Uiere is a considerable number of iron war 
steamers alrridy io existence, and of which smne use most be made, 
it becomes important on thrae grounds, and apart from other 
reasons which might be recited, that all available means should 
be tried to abate or counterart the mischievous effect of shot u|m>u 
such structures. I confess 1 cannot see any mode of accomplishing 
this object, whkh will be eoually tq>|»x>priate under all rirmm' 
ftauecs. If, as one might loftrfr^ ^ea^^og Sir Charles Kspier's 
letter, a shot, on striking a plate of iron, broke op iuto small pieces 
by the force of the concusoioo. the case wadd not be a very 
difficult one for the applkatka of a suitable remedy, inasmuch as 
small fragments roust have a correspondingly small momentum, 
and might easily be arrested by a second strong plate put behind 
the first It appears, however, to be only when the ball strikes a 
rib of the vessel, t^t it breaks into pieces ; at other tiroes it 
goes right through both sides, and even where the boil breaks, 
its fhi^ents are very often so Urge as to pass through the off- 
side. ia the same tnauner as if ftactnre had not taken place. 

One of the roost proroiring rxpedknts for obviating the dangers 
incidental to the splintering of iron vessels that 1 have beard of^ 
is the applicotioo of a layer of a substance called kaznptalicon one 
foot thick to the inside of the veasel. This substance, which is an 
admixture of powdered cork with Indian rubber, is stuck to the 
snrftice of the iron by means of an Indian rubb^ varnish, and 
it M so elsstie, that wl»en a bsdl posses through it colUpse imxna- 
diately ensoes, and the lude is so effeetuiJly cicoed that it is im- 
possible to introdooe the end of a walking-stick, even altbnugh a 
shot as Urge as a man's head has pase^ through. It is foitnd. 
moreover, that the snlinten of the iron are imbedded ia the kump- 
lulicoQ and rvtaioed there to a considerabie extent, so that the 
two most prominent evils of a jagged bole, impoosible to he plugged, 
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«od » large Kattenng of aplintm, •Pfxw to be in a great meaenre 
remedUMe bjr the emplojincot of thia ■nbetanOB. How it maj 
withetand abell haa ^et to be aaceTtaiD^ and the objection ta a 
maoi/eat one, that it m better to adopt Umber at once than to en>« 
ploj troQ, and then to be at the eipense of covering it with tnch 
a Kibataoor; bat ctcq timber ahipa apliater to a cootiderable extent, 
and It may poaaibly taro out Uiat iron tbipa lined with tome inch 
aubataoee «h*cb will arreat tmall apUntera and cloae up the bulea 
made bv Urge ones, will be aafer and better than ahipa of wood. 
Tiicae, ^owtfTcr, and other aimtUr queatinna, are matter for fbtnre 
exprnmmt. and it ia to be hoped that the experimeota ioaUtaied 
by the Admiralty will be puraued tioUl same na^l rvsalt ia arrired 
at. or until the extent of tbo diSiculcy attaching to the question 
has been conclusively aaeertmncd. Poaaibly it may be found 
ndriaable hereafter to construct iron war fteamers without riba at 
all i but whatever may be the modiflcaciooi which are expedient, 
or the new devices which are required to remedy existing evils, 
there ia every retaon to believe that they will not lung remain 
noMcertaioed or unredresaed, under a cnarar of experimenta spe- 
cially directed to the mitigation of existing diaqualificatiofis-* 
The more public the results of these trials are made, the more 
Dumeroos wiU be the snggesUona of reiDcdial measurca; and it 
appears highly probable that oat of a moltitode of auggestiona 
some useful discovery will be uitimaiely obtained. wUch will 
enable iron veaaela to be used with propriety for purposes of war- 
fare. Mcnowbile, however, and until such a discovery ia made, I 
think every one rauai eoocur in the propriety of the dMition, that 
tw more iron vcaaelt, either for the naval or mail aerviee, ah^l bo 
built Bui the queation eannut rest here, and nothing short of a 
most comprebensive aeries of experimenta pareued with the anxious 
desire to 6nd a rrtnedy fur the defects at present attaching to 
iron vesaela. and with the fullest publicity givm to the results, will 
istiafy, or ought to satit^, the demanda made by public opinion. 

The advantages claimed for iron ihips are, greater strength and 

■ Til* m<M pmmtflax npedlenu amar ta n* to h* eoMtnieUnf lb* 

«lth a «*ry manaular Metloa. of wiiki »Mmi «T o)Mlcl*tat>l* Saai, awl nahinc 
the rt-Jo double, aitb a thlckan* nf voter bvtveni ibcB. tVlcb auch a con- 
•uiiciino tit* UUt, I ooaMdcf, woaM not talar at alL 


stifhess, no liability to Tx>t, or to be damag^ by rata, wbHe ants, 
or otbsr vmniD, iiscreaaed stowage, less weight, greater tigfatitess 
of the bottom and less bilge water, do necessity for caulking or 
coppering, and fewer repairs (against which, however, baa to kw set 
the more fVeqoent necessity of docking and paintingX more ready 
ap^dicability of water-tight bnlkheada, less detriment f^m gToand- 
ing or striking upon baraorrocka.and.fur an equal qoality vesad. 
leu first coat Iron vessels have heretofore btrvn alwaya made whh 
wooden decks, but it mouUl be much more advisable to make the 
main decks of mm, so that the vestal would in effect be a great 
Mcnai tube cIcNud at the roda. The iron might be covered with 
wood, with thunaro, or vith the of mastic or aaphalte applied 

in China ,o the decks of ships. There appears to be no doubt that 
by a proper distribution of the material, iron veasels may be nude 
a good d<-al stronger than they have been made heretofore; and 
the fact, indeed, of the material being iron, enablca its beneficial 
distribution to be more easily accomidisbed. In all vrsacU, how* 
ever, the existinj; modes of construction are Ul adapted to recon- 
cile lightness with strength, and both iron and wooden vessels 
should be looked upon as a great hollow beam, and be ta 
strong in the deck as in tlie bottom. In the case of river and 
coasting steamers, screw vessels and smacks, which are perpetually 
entering tidal harbours, and often ^tiog aground, and indeed in 
the case of domestic navigatino of every description, the sape- 
riority of iron over wood appears to be ftilly recogois^ In the 
case of vessels aailing to cropleal climatca, however, and if facility 
for cleansing the bottom docs not exist, and in the case also ^ 
men-of-war, wooden ships, properly coppered, are certainly the 
most appropriate. Time, however, will no doubt alter this adjnst- 
ment, for tbe sphere of iron vessels ia gradually enlaTglng, and, 
whatever coarse the interests of other nations may suggest, our 
interesu certainly prescribe iron as the must eligible material of 
which we can build our ships, supping that there is no physical 
impediment to its employmeDk Here we need fear no compeii* 
tioa; and by making the progress of discovery in our iron mano* 
foclure available for the prutnotion of commerce by cheapening 
the production of ships, we shall give a entTi‘spooding impulse to 
mantime anterprixe, from which large benefits must fimdly ensue. 


SPECinCATION OF THE AUXtUABT SCREW STEAMER ‘‘WATER WITCH.” 

(Conifmcfftf bjf Mettrt. lUid 4” Co^ Pori Giatgoto. Prop^Ud iy Two Condnting Engiaei o/\l Eor$e Power each.) 


Dncsxnoirs. 


Keel and forerake (ftwm aft part of atem-poat 
to fore part of main stem) - 
Breadth of beam . . . . . 

Depth nf hold * . ■ * . 

Ditto, moulded ..... 


Ileigbi of poop 


120 feet 
St 
13 


Iftowwoax. 

Keel — Of bar iroo, 6 x inebea, in about M feet lengths, snffi* 
ciemly scarped. 

Stem and Stem-praL — In proportion, kneed in foot for keol, and 
scarped for ditto. 

F names — Of angle iron, 3^x2^s^x|sA{ tobelS inehea 
ftvMO centre to centre. 

Floors. 15 inches deep by \ inch thick, with 3-inch angle iron 
on lop edge, ruoniug upon bilge of frames « amidshipa 4 feet 

Keelaona — Three, of plates 18 inches deep by | inch thick ; 
main keelson. 6 inches above fioori, with two rows 6 x 3 ■ | 
inch angle iron ; wing ones to be ugle inn only. 

^ates. — Strike next keel ^ ieeb, that to 8 feet water line 
from 8 to 1 1 feet {, remainder inch, tn be double riveted 
throughout ! plates to be overlapped longitodinally, with 
butts, and rivets. 


Stringers. — Main and qoarter deck of 3 x 3 x | inch angle iron, 
and plates 16 x A iDch ) 'twixt decks, fore and an. where 
close-beamed, of 4| x 4j x | inch angle iron { amidships, two 
ban 3 inch angle iron, and 8 x | inch plates. 

Bulkheads. — To have fonr water-tight bulkheads j inch thick ; 
one to be in each peak, and two amidships, so aa to divide 
the bold bto three distinct compartments ; to be stiffened 
with angle iron, and made perfectly water-tight 

Beama — Poop- beam* of angle iron 5 x 3 x | inch ; main-deck, 
cabin, and sieerago floor beams of 6 x 3 x } inch and 
2} X S) X } inch angle iron, riveted back to back, with 1| 
inch half-round iron on each side at lower edge, and down 
hanging plate knee, to prevent chafing cargo ; four ’twixt* 
deck beams, 6 inches square, of 8 x ( inch plates, and 2 x 3 x ] 
rocb angle iron, s|»vad out at ends so as to embrace two 
frames, and lower angle iron and platea, turned down s feet 
on frame, to form hanging knee, to be securely riveted to 
stringer and fromea 

Rudder. — Of iron, properly secured, with mahogany wheel, and 
sufficient steering gear. 

WooDWOKR. 

Decks and Wales. ^ Ways of red nine ; watenrava 12x6 inches ; 
deck-plank S) inchca thick by 6 indus breed, to be well 
secur^ with screws, sod made perfectly water-tight ; ceiling 
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of red piM on lower hold, elo«o>^iatod. 2) isehet thick } 
upper bold 6-iach work, aad cpuce tparrvd work to be 
fiuuetted to woodcD ftmioM : or lower bold ceiling of iron, |th 
inch tkkk \ cabin and itecnge floor* of yellow pbr, S Incbc* 
thick, perfeetlf water>tigfat ; iron frame* abore deck to be | 
ccTciw ifl neatly ^ pump* to be copper chambered, with 
braM bitcket* and le^ to have one in each bold to 

work by hand, and a braaeh to each hold from engine bilge* 

E l Wladliua, winch, ipan, nails, rigging, all of flm qua* 
md in aoooedaoee wia tonnige of saipt cabin similar to 
ships of bar aiaib 


HacxDmT. 

To hare two ccadeaslag engine* of IT horse power each, with • 
boiler of sufieient capacity, and screw on the most spprored 
prioelplc, fitted np In complete workiog order on board the 
vessel, all of the best material and workmanship. 

Family, to frtmish and finiab the veasel complete and ready fbr 
ara in avery reqwet (with tha following exeeptioos) in a 
baodiome style, and equal to any craft of the son afloat. 

Exeepcions. — Coat of licenee of screw, beds and bedding, crystal, 
erookery, n^ary, and all other steward’s funushiogs. 
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the ** Widgeon." lift,; dimeaskms of, iifi. 
" Ariel," diniensioDS of, 116- 
** Arrogant." engines oC 
Atherion, Mr., ^ screw with compound ex* 
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AuzUury power, screw Tesscls with, lAS- ; 
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" Basilisk,” dimeiuiuQS of, 122- ; tried against 
the " Niger,” 122. 

Beadna. screw propeller by, A2L 81. 

Beslo. bird's-wing propeller by, flA 
Beard, screw propeller by, M, 

Bearings of Knew engines, 221.; mode of 
iubrtcaUng, 222. 224. 

Beattie, screw pn»pcller by, ; effect of in 
the “ Frankfort,” 171. 

Deaufoy, experimenls by, respecting resist* 
nnce and friction ox bodies moving In 
water, IQl. 

** Beaver," ditnenrions of the. I Ifi. 

Beecher, arrangement of screw propellers 
by, aZ. 

fiOTnuilli, Dnnkd, proposol in 1752 to propel 
▼essfis by wheels with oblique blades 
operating in the manner of a screw, 2. 
Beroonilli. doctrines rvspt'cting fioid resist* 
ance and impact of fluids. UiO- 
Bcrry, screw propeller by, ^12.. 

Bessfiner s mode of propslliog vessels, £2. 

" Bicbe," engines of, 2ii. 

Bidonc. experiments respecting force of im* 
{MtCt of duuls, lOtL 
Biram. screw propeller by, 41. 

BUucii de Garay propelled a vessel by steam 
in 1543, a. 

Blaxland. screw propeller by, 32. 

Blyth, screw eogmes by, 213. 


Biximeraog propeller, fi£. 

" Bordeaux,” engines of, 209- 
Boswell, screw propeller by, 17. 

Bougurr, saggesdons for screw propolsiion 
in 1746, 8. 

Boardon, screw propeller with increasing 
pitch by, la. 

Boor^is, M.. makes experiments with 
various screws la the " PeJicnn," 142. ; 
memoir by, 145. 

Bramah, screw propeller by, IL 
“ Brisk,” engines of, 209. 

Brown, screw prupeller by, 21L 6t- 
Brunel, Mr., tried the " Archimedes,* and 
recommended the " Great Britain " to be 
fitud with a screw, 82. 

Buchanan, suggestions for improTement of 
screw propeller by, UL 
Buchanan, screw propeller by, 22s 
Bochwell and A|«ey’s screw propeller, 2i 
Bark, screw propeller by, 2d. 

BushnelL, screw propeller by, IQ- 

Campbell's propeller. 62. 

Canals, proposed improvements to navigat* 
ing, 122. t gtvat increase of rrsistnoce 
upf>a. 21KL 246. 

Cnnsnnd, screw engines by, 2JJL 
Carpenter, screw propeller by, 37.; duplex 
rudder and screw propeller by, 83. 
Carthagiaians. paddle wheels us^ by the, 3. 
Centre of pressure of puddle wlteela. 106.; 
the resistance on the centre of pressure 
always balaoecs the pressure on the [ns* 
tons, iftiv 

Centrifugal action the screw, na. lai. 
243 . 

Chappell, Cspt B.N.. reports favonraMy in 
18M of the performance of the ** Arebi* 
IDedcs,” 8JL 

Chimneys, telescope, 22 «t. 

China, Kre« propeller used in, L 
Church, screw propeller by, 22. 

** City of Glasgow,” engines of, 90Q. 

"City of Manchester.” engtocs of, ^nn, 
Compound expanding pitch, or expanding 
both fore and afl and from centre to etr* 
cumft*rence, Ul. 

" Condiet." engines oC, 213. 

Conveyance, cost of, h^ paddle vessels, 
screw vessels, sod sailing ships, 186. 
IfiL 2iA. 

Copley, screw propeller by, 23. 

” Correo," eogioi*8 of, 2Ui- 
Cumrocrow, screw propeller by, ai. 

DalJcry. screw propeller by, lA 
P P 


"Dauntless" steam frigate, l7.*Ui engines oC 
2U9.; mode of raising screw of, 2 -ifl- 

DsTieSi, mode of propelling vessels by, 45. 

Delislc. screw propeller by, L2. 

Desblanc, claimed priority of Fitch in pro* 
pelling vessels. 12, 

*• iWsprraU* ” steam frigate, 173. 

Details of screw engines, 220 . 

Dimensions of screw steamers of the Navy, 
App. L 

Dirrct*acting screw engines, 21 1. ; by Watt, 
Msudslay, Penn, Seaward. Rennie, Blyth. 
Stothrrt, Thomson, I'arlsund, Ericsson, 
^Vhitclaw, Holm, and Disc. 

Disc engine, 2 i?. 

Dollman's revolviDg oars for propelling, 12. 

Don Georges Junn, work on navsl srchitcc* 
tore by, im 

Dugdale and Birch's screw propeller. 68. 

Duudooald, Rsrl of^ screw propeller by, 42.. 

Dv Qnct, plan by, f(^ drawing up vessels 
against a carrent by a screw, A 

“Dwarf," screws tri^ in tl»e, 138.; fallacy 
of the experimenls made by Mr. Murray 
on the, 137- ; corrected estimate, 179. ; 
propurtioo of power to tonnage, 173. 

Dynamometer, explonatinn of structure and 
BBC of, 117. i dymamometer disgrama of 
“ Rattler," UA 

Efficiency, net lUUixation. 

Kmerson, J. B., screw propeller by, 26. 

Emerson, W... explains in 1754 the pro* 
privty of making screws with an iocreaa* 
ing pitch, 2 . 

" Encounter " steam frigate, 173.; engines 
of. 212. 

Eaginca, geared and direct-acting, arc Geared 
engines and Direct-acting engines. 

Ericsson, screw propeller by, 2^ introdoc* 
t)on of screw propeller much aided b^ 
his exertions, 85.; constructs the “ Fnmcia 
B. Ogden " in 1837, 90. ; discredited by 
tfae Admiralty, 9^ built the canal bool 
“ Novelty" in 1837. 90. t hU plans takco 
up by <?apt. StockiMi, an American, 2L : 
built the " Robert F. Stockton ” in 1838. 
ui. ; proceeded to America in 1839. 2L ; 
built the “ Princeton " in America, th« 
first Vessel with the engines beneatli the 
water line, 9I.t appoints Conni Rosen his 
agent who supplies engines for the “ Po* 
monc " and “ Ampluon," 2Li comparative 
aebievements of Smith and Ericsson, 92. s 
engines of ** Prinocton " and ” EtoUe ” by, 
916. 

" Etoik,” fngiiws of, 216. 
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Euler, doctriocfl rcipecting impact and resist- 
aoce of fluids, lOO. 

Eupliratiia,’’ eogioes of, 2Q3- 
“ Baropi’tn,” roginw of, 2lo. 

Expanding pitch, *m Incrrosiog pitch. 
Expanding pitch, compound. l AU. 

** Fairy “ screw yacht, 173.; engines of, sti5, 
*• Faon," French mail screw steamer, dtmen- 
sione 173. ; perfurmaoce of, I74. IBU.i 
engines nf, 9 (ls. 

** Fire Qaeeo " screw yacht. US-t engine* 
of, 2ul- 

Fitch, mode <tf propelling vesseU by, liL 
Fitipatnck, screw propeller Hy, il* 

Fluid resistance, laws of, ItL : erroneaus 
docirines respecting, 9?*. ; doctrines of 
Ucmottillc and Knlcr. Momat and Bidtmc, 
loo. 1 resistance of friction, till* Ull.; 
law of resistance as ascertained in steam 
Teasels, 104. ; does nut Increase exactly 
as the sqoare of the rdocity, lOiL 143. ; 
in the '* I’elican,*' as the 212 ^th power, 
I4!«. 940. 

Formofliunof vraseU influences speed. 111. 
•* Fortb,** engines of, iCL 
Forret, screw propeller by, ML 
Fowks, flsh-tailed propeller by, 

Fraisinet, screw pr^Ucr by, 32. 

** Frankfort ” screw steamer, dimeosioni and 
performance oC 173. ; engines of, 21^ 
Freight, srs ('oQTcyaoee. 

Friction of water, Uil, 1U7, 108. lOQ- 

(lalloway, improvements in the screw hv.44. 
Geared screw engines, by l*cnn, SVatt. 
Maudslay, Miller, Kapler. Rennie, Sea- 
ward, T<^ Scoct and Sinclair, Thompaun. 
Gourlay, Smith and Rodger, and htasa- 
line. 

** Glasgow,** engines of 2iUL 
Gourlay, Mudie & Co., engine* of the 
“ Curreo *‘ by, 2UL 
** Great Britain.** engines of, 207. 

Greenhuw, mode of propelling vessels by, 59. 
“ Grccnoek,’* engine* of. 2 <j7. 

(•rent, lliumas, obtain^ a patent in 1632 
for propelling vessels. 2. 

Grifflih's s«lf-ai:yusting propeller, 12. 

Hoddan, screw propeller by. 3A. 

Hsk, mode of propelling vessels by, 2L 
Hall. Captain Basil, aococmt of the sbipa of 
the Coreans which are propelled by scul- 
ling, 22. 

Hamer, screw propeller by, 42.^ 

Ilayefc, James, |dun for pre^Uing vessels in 
1661 by forcing wsur through the buttum. 
3. 

Mays, screw propeller by, ifl. Al. : «m aim 
letu*r in Appendix, xxix. 
lleindrjckx's flexible propeller. ZA. 
llenwcKMl. arrangement of rudder and screw 
propeller by, 

lliMW of Alexandria, windmills described by, 
■L 

Hick and Oaitrix’s propeller, HI. 

** Highflyer," engines of, 2ua. 

Hodgson, screw propeller by, 4.V : tried in 
the ** Rattler,*' 1 3ft ; as applied in llol- 
land, K12, 

** Hogue,** mode nf raising screw oil 3SS. 
HoUatHt wiirdmills used in, d, 

Holm, Mr.,etigia«s fur •* I'nrnone** hy, 217. 
Hooke. Rnlirrt. hU plan of horiiootaJ wind- 
mills, £j hts proposal to work vertical 


and horixofttal wmdmiUs in water vir- 
tually a proposal of feathering wbrvU and 
screw propellers, 5 . ; his suggesunns re- 
specting the sails ^shipa, ^ his instru- 
ments for mcasoring the velocity of wind 
nod water on the principle of a screw, 4.; 
his rvinarknbU- inrentions, 6jj his ex- 
planation of the mode of n>wtng the 
ancient galleys, 2. 

Hull, form and size of, influence speed, 2AL. 

HnlU, Jmiathan, pro]Kwai for propelling 
TpmeU hy. 3. 

Hulls of ships, improved modes of construct- 
ing, 197, 2ji;. 

Hunt, screw propeller by, 

Impact of water, force given out l^, lOO. i 
loss of pn>|Nrlhng efltcaoy bv impact, 1113. 

locreusing pitch, screw , with, described 
by Emerson in 1734, 2,^ potented by 
Ikurdon in France in 1824, 19.; sug- 
gested by Tredgidd in 1827. 20.: patented 
by Pduer in America in ls3n, 23.; 
{atented by WUsnn in Anterica in 1830. 
21.; patented by W«iutlcfoft in 1 832, 24, ; 
compound increasing pitch, UQ. t increas- 
ing pilch in ** I’eiicau.'* 162. 

Indirator, di’scriptiun of, 133- 

Indicator diagrams, explanation of. 1 .33. : 
indkator diagrams of ** Raulcr ** and 
** Akcin,** Isa. 

“ Intrepid,” engine* of. tair,. 

Iron and wooden steamers, 123. 2lii. App. 
xxxiii. 

Isherwood. Mr., acenont nf ** San Jacinto.** 
.\menoan screw steamer, see App. zxii. 

Jackson, screw propeller by, IL. 

James, screw propeller hy, ii. 

Joest. screw pro(tdler by. AIL 

Juan, Ihm George*, work on Naval .Archi- 
tecture by, litL. 

Lee-way in shlpa determined by the rela- 
tion c{ Uie bow to the side rcftistance, lu4. 

LeiboUx corrects the errors of the English 
schiHil re«peettng mon^entum, lifl. 

licupold, Thrainim Machtnarum by, de- 
acrik'B screws for raising water. 

IJfting the Screw, see Raising the screw. 

Lin, Francis, olHaiued a patent in 1637 for 
propelling bargeis 3. 

IJo>d, Mr., tried the ** Arcbimedet** in 
1*840 aud reporte<l favourably, M. 

I^owc, screw propeller hy, 2i_; alswirdify of 
his pretensions in connexion with the in- 
troduction of the screw, 21. 

Luhrication of engtm* bearings. 32J. 

Lyttkton, W., screw propeller by, lL 

Macintosh, flexible propeller by, 32L 

MahiV expanding screw pntpeUer, 21m 

Maccruni't screw propeller, 212. 

3llaresti«r. nietuuir by, ou steam vessels of 
Amerira. i£. 

Manjiii* of Worcester, plan for propeUing 
vetM-U in 1C6I, 3. 

.Maudslay, diipitcate rodders for ships by, 
44. ! screw prop^dler by, &4. t feathering 
propeller by. QA. 

Maudslay. engine* of *‘ Rattier ** hy, 206.: 
engine* of “Highflyer** by, 2o-<.: en- 
gine* of the “ Niger" by. 21 1. : air-pauip 
valves by, 221. 

Mazaiinc, engines of tbc ** Riche** and 
“ beutiiH'lk “ by, 2LL 


“ Megara ** steam frigate, 178. ; enginea of, 

213- 

Millcr, engine* of •* Flomper ” by, 207. t en- 
gines of “ Sbarkie" by, ao8. 

Millington, J.. screw propvlkr by, L6. t mode 
of propelling by forcing air out at stem, 
16. 

“ Minx,’* experiments with rarious screws 
in the, I4u- ; enginea of, 217. 

Mulk M„ makes experiments with various 
screws in the “ Pelican," 142.; memoir 
by, I4S. 

Mmiigoniery, screw propeller by, Afi. 

.Morosi, experimenu respecting impact of 
fluids. Imt 

Murray, Mr., make* ioacenrate experiments 
ujjou the “ l>warf," >.3 h. 

Napier, screw }ffo]M'Ikr by. AO. 

Napier, engine* tjf “ Kire (joeen ^ hy, 207. • 
engines of “Ihiuntlesa” by, 209. 

Navy, screw steamers of tfae^ Appendix 1, to 
iv. and xxxL 

Newton. Sir Isaac, fallacies springing from 
the error or misapprebensiun of his second 
law of motion. 2d. 

Newton’s cnoflgunition of screw vessels, Ifi. 
“ Niger," diroeosioDS of, 192. App. i ; tritd 
against the “ Basilisk," 1 2.i • proportion 
of powertotonnoge, 173.; engines of, 2 i i, 
Norton, spiral water-mill hy, LL 

Oiling of engine hearings, ■rj.v 
Ong, screw propeller by. aiL 
O'Reilly in 1805 revivea Beroouilli's mode of 
propelling. LA. 

Ovinet, screw proprikr by, IX 
Oxley, expanding screw pr»]wllcr by, iL 

Paddle wImh-Is used by Romans ami Carlba- 
giniana X ; steam vessel prnpelletl by, in 
1 5-IX 1 ; importance of large floats, Llifi. • 
centre of pressure in, 106. : resisianec at 
centre of pressure always balances pres- 
sure on pistons, 107. : tlirusl of paddle 
wheels increased hy diminisbiog the sisc 
of the wheel, lu7.; comparative efficiency 
of paddle* and screw, > ic_ 123. 

Paddle vessels with full power, [73. 

Puddle and screw combined. 23 1 
Piubik Btcaniers, cost of conveyance by, 
Lfili. 

Papin, pro|tosal for propelling vessels by. X 
I'arkhunrt. screw pro|»el]er by. 51 
Ihincton, screw propeller by.’UL 
“ Pelican," screw* tried in the, 142.: dimen- 
sions of “ 1‘elican," 142.; tables of per- 
formance of, A^ndix, v. to xxiii. 

Peltier, screw with increasiiig or expanding 
pitch by, 23. 

Penn, improved engine* for screw propeller 
by, j 2.: engines of “ Faon *’ and “ Fairy " 
by. 2t)S,; enginr* of “ Great Britain " by, 
2ij7.; engines of “ Arrogant " and “ En- 
counter " by, 212.: air inimp-valves by, 
221.; i>rop»>nions of bearings used hy, 
221.: bush in stern stulfiug-lKiK used by, 

-j-jr. 

Performance nf screw steamer* of the navy. 
Appendix iL to iv. 

PerkiOB. propeller by, LL 
PbipiKL arrangement for raising and lower- 
ing the screw propeller so as to work it 
at any IrveL IL 

Pin), screw at bow and stern by, 6fi. 

“ Pioover," engine* of, 2u6. 
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Pitch of (be screw, explaoauoD of (be term, 

iii>. 1.1 1 

Pitch, expending or inervaang, see locms- 
iog pilch. 

PUcbca and fraginrDte of pitch of screws 
tried in the “ IVliean," U3. : inflmmee of 
pitch and fragmeut of pitch upon the slip. 
I44.S law of variation, 154, 1 55.: ratio of 
pitch to dianu'ler wiirTary with the sixe 
of screw relatively with the resistance to 
be OTcrcntne, 144.; and with the naiuher 
of blades, ill. 161 ■; proper fragmenl of 
pi(ch or length of screw will vor>' with 
the resuMance, U4.i best ratio of pilch to 
diameter, and best fraction of pitch, ICl- ; 
a fine pitch best for heavy loads, if»^ 
Pitch, compoiuid expanding, or expanding 
both frim centre to circumference and 
fore and aft, l-ta 
** Piampvr." engioca of, Sftl. 

Poole, servw propeller by, 

Poole, “ Uoomerang ” pn^peUer by, fil* 

“ Poinone,** engines for, supplied by Erics- 
son's representative, f!mmt Rnsrn, 91.; 
dcacripiHJt) of, “Jl?. 

Power nccessarr to inercaac Uie speed of a 
vessel varies as the cube of the lucrt'ascd 
speed rerinircd, lOi^- IHJ. 

** Princeton,’* American war steamer con- 
structed by Ericsson, 9t.; engines of, g i ti- 
Propelling vessels, screw nsed in China for, 
|,i paddle wheel used by Carthaginmns 
and Romans, ^ propelling 

vessels of ULasco da Garay, Ramsey.Greni, 
Lin, 3ifarr(uU of Worerster, Tnogood, 
Hayos, Papin. Savery, AUeo, and Hullsi, 
3.! Fitch, liesblanc, 'Fhilorier and Dela- 
croix, propelling by the screw, tee 
Screw propeller; Millington, by forcing 
air oat at stern, 16,; Hak*, by forcing 
water oot at BU*m, ‘iXii Davies, by forcing 
water rint at sUTn, 45.; Bodraer, by cen- 
trifugal fans forcing water astern. 4]4^ 
Greeflhow. by submerged wheels at stem. 
53.; Fnwlrs, by fish-tail propeller, M.i 
Bcasvfner, by forcing water out at stem, 
69. ; Ruthven, by forcing water nat at 
aides in pipm pointing astern, 7U . : hand, j 
^ recipmeating blade* at stern, loss 
ID pn^lling by impact, 105.; advantage 
of a large pn9|teilhig surface, in3_ 

Raising the screw, modes employed by 
Maudslay, Miller, Napier, and Seaward, I 
aar. j 

Ramsey. David, to ICI8 and 1630 obtained ‘ 
psurnu for propelling veiseK 3. 

“Rattler" built in 184.3 and fitted with 
Smith's screw, ; screw at first the same 
as that of “ Archunedcs,” but afterwards 
reduced in length, 89. ; dimensiuns of. 
117.. App. Li tried with the “Alectn,” 
U 8. : dynamomcler sod indicator dia- 
grams of, 129. ; various screws tried in. 
136 ; power to tonnage in, 173.; cogioes 
of, 206. 

Relative rvslviance of screw and hull, 145. 

147. 14-*t.: infiaenceof, upon the slip, i .vt 
Rennie, screw propeller hy, 35. 

Rennie, engines <k “Greenock" by, 2o7. ; 
engines of “Vnleau," *• F<irih," “ 8ea- 
horse," and “ Megwra," by, iJJL 
Resistance of flul^ 97. ; are a/to Fluid 
resistance, 143. 

Resistance of bodies moving in water, 240. 
Resisunce of vesscU varies with ibe sixe. 


and in symmetrical or proportional ves- 
sels, increases as the square root of any 
lineal dimetiiuon. 147. 178. 179. 
Reshitance of hull of the “ Pelican, ** 145. 
147. 149. ; “ Faon " and ** Fairy," III. 
178. ; •• Minx," 183. 

Rcsistaacc. great incrcsac of. on canals, 200.; 

and on shallow water, l(.n>. 

Robison, erruQCOUs views promulgated by, 
respecting the rcsiatanee of fluids, XL 
Romans, windmills used by the, iL: paddlc- 
wherls used by the, 3. 

Rnwn, Count, Kricssun's rc|»rei>ciitauve, 
supplies engines for the “ Pumone,’* 91,t 
aiwl for the ** Aaiphi<m,’' ai, 

Rnsfoborg, screw propeller by, 1!L 
Rnthren's method of propelling vessels, DL 

SWichon, screw pnipeller by, 21, 

Sails of ships, Hooke's snggestions respect- 
>■>>(• Aj liue of moving force of, Ht4.; 
vehK’ity with which the saiU sbouid move 
to obtain a uioximaro cfl’cct, ID4. : toils 
virtually increase the diameter of screw, 
171.; screw increases the efficacy of saiU, 

184. 1 proposed improveineots in, 195. 247. 
Sailing stu{w, cost of cooveyance by, 189. 

HKJ . 

Sail against the wind, vessels may be con- 
strucud to, is-5. 

“Son Jacinto" screw steamer, Ap(>> xxii. 
Sauvage, screw pro|>eller by, 25. 

Savery, pnipnu! to pro|iel vessels by, 3. 
Scott and Sinclair, engine* of the “ Hnsk " 
by, 2U9. 

Screw enginrs, either geared or direct-act- 
ing, lii.t. : the latter the best, 2'^. ; tee 
Geared engines and Direct-actiag en- 
gines, 

flcrew propeller, history of, ttsed in China, 
Lj screws of Hooke, .5^ Du V^ct, 8. i 
Rouguer, Bcmonilli, ^ ihncmio 
(with itu'readng pitch), Paucioo, lu. ; 
Bnvhncll, lo. ; Urainah. IQ. : l,,>ttle(OD, 

11. 1 Shitricr, 12.-. iHlkrr. 14.; Sterens, 
14. ; O'Reilly, 1 4. : Jamea. H. ; Trevi- 
thick, 15. : rinswell. 1 7. : Ruchanan. t.>. ; 
Millingt^m. 16,; Uelisle, 17.; Marestirr's 
account of screws in America in 1824. 

IH. ; Rmirduu (screw with increosiug 
pitebX Lki Dollman, 19. ; Perkins, 19. ; 
Macemoi. 20.; Brown, 2iL ILL : Tredgotd 
20 . ; Cumroerow, al. ; B. 5L Smith. 22. ; 
Churcb. 22. ; t 'nplcy, 23. ; Ovinel, 23. ; 
Peltier (expanding pitch), 23. : Wilson 
(expanding pitefaX 24. ; SalkhoO, 24. : 

Wnidcroft (exiiandiug pitch). 24. ; 

(feathering bl^cs), dtL 8«>. ; Poole, 2.V ; 
Suuvage, 25. : screw water-mill on the 
Mississippi, 25. ; J. B. Emerson, 26. ; 
Burk. 2'~.. ; Theal, 26. ; J. L Sniilb. 26. ; 
Fitipalrick, 21 , ; Wilder, 97- ; F. P. 
Smith, 27. : Erlcfiwm, 29- : I«owe, 31.; 
J. O. Taylor, .32. i Fraistnet. 32.: Cnpt. 
Smith, 3X ; P. Tavlnr, 33, 55. ; Haddan, 
34 ; jAi'kson, 34.; XVaddell, 31. ; Beccbi-r, 
37. ; Rennie, .35. ; lluiii. 3». ; I'arpcntcr, 
■'i~. 83- ; Berry, 34 ; Wiinshursi. aiL fiiL; 
Blaxiand, .39. ; Napier, 4o.: Beard, 4 m. : 
J(K-»t. 4M. : Riram, 41. Hanur, 4i*. : 
Ihindonsld, i'Uri of, 42. ; Sunderland, 13. : 
3Vaik«r, 43.; Galloway, 4.4.; Maudday, 

II. 51. 64. ; Hodgson, 45. ; Fairbairn, 
(mode of driving the screw). Id. ; Hayi;. 
Id. 51 ■ } Rosenborg. 49. : Bemion, 13. 
BE; FurreX 5u. Oxley, 51. ; Parkhunt, 


51.; Penn (enginca for driving). 52. ; 
ScawanX 5.3.; Thompson and Wnght. 55,; 
TvU)]<letun, ih. ; Montgomery, ^ ; 
Buchanan (swivelling propellerX 57. : 
Henw«x)d (arrangvmeut of rodder and 
propeller), 58-; Greenhow Macintosh, 
(flexibkprop^lcr), 51Li Stow. 62. ; Poole 
(“ Boomerang " propeller). 64. ; Beale 
bird'swing propeller), fli.; Pinj<«crew at 
bow and stem i. iVi,. s Hick and Gaitrix. 67.; 
Dugibtle and Birch. 68. ; t^amplirU. lia. ; 
Griffiths, 72.; BuckwcU and .tpst^v. 7 3. : 
Heindryckx (flexible propeller)^ ZA. ; 
Tucker, 74ii Phipps (moveable screw X 
75.; Malo. II. ; Bvattie, 79.; Baldwin, 2^ 
Screw propellers, mm{>arativc merits of dif- 
ferent kind* of, 1.34. ; experiment* with 
“ Rattler," “ Dwarf.” “ Minx," and ** Pe- 
lican," to test varions kinds of, l:u. : 
screw* tried in “ Rattler," >36. : screws 
tried in “I»warf,** 137. ; screws tried in 
“ Minx,” 139.; screw* tried in “ Pelican.'* 
1 12. ; diamek-r* of *crews tried in “ Peli- 
raii " increase iu gernnetrical progression, 
142.; slip found to increase wi^ the pitch, 
and will; Uie reduction of the Icnj^h of 
screw, 143. ; large mtcws better than 
•uiall, 144, ; large screws may have a 
c^iapscr pitch than small, 144.: large 
screws may be shorter than small. 144. ; 
bent proportMou of screws tried, i44 ; 
pitch should vary with number of Madr«. 
115. 162.1 influence of iiMrmuing pitch, 
162.1 prartical iotmductioDof. 86j Smith's 
cxjienmeots in 16.36, hfl,; Smith pro- 
ceeded in hi* experimental boat to *ra. 
H7. ; the “Archimedes" in 1838, 87. ; 
vfiyagc* of “ Arrhiroedei,"hli.; cuusmic- 
tiou of tike “ Rattler," 89, : adoption of 
the screw for the service of the navy. M. ; 
Krkcsson bmW* the “ FraocR B. Ogden," 
9U. : the “ Novelty," on. ; the “ Robert 
F. Skickton," 91. ; the “Princeton," 91. : 
priuripie of the thrust not influenced by 
the liianK'ter of (Itc screw, as with a given 
pitch, whether the diamett'r is lar|^ or 
small, the thrust will he the name. ; in 
a ser«‘w of small diameter there will be 
mnn> slip. lo7. : configuratiou and pnn 
portions of, 1 1 o. : pcwtiive amt negative 
slip of. 111.; reninfiigal action of, 113.; 
comparative efficacy of screw and poddies. 
LLiL, 121. ; proper proportion* of, whethi r 
with two, four, or nix blades, 165_ ?44. •. 
example of tlie application of these pro- 
portions to a practical caM*. 167. ; a fii.u 
pitch bswt for heavy loads, 169. ; benefit 
of staking the screw deep in the water. 
169. ; speed of vessel should iufluence 
propontons of screw, 170. ; action of sail* 
virtually iucrease the diameter. 170. : 
mode of enabling the screw u> propel 
rtTcrtively bead to wind, DLL; two screw* 
better than one. DLL 

Screw and (uiddtcs eorabiDcd. 231, 

Screw aiKl paddle MCnmers on the Atlantic. 
Appendix, xxvi. 

.Screw shaft, mode of funning at «rrtu i-25. 
326. 

Screw Tcssela, Newton's coofiguralioo of, 
78.; towing or tractive power* of screw 
vessel*, LtiL ilL 

Screw vessel* with full power, 173.; wiih 
anxiliary power, 1*<4,; speed realised hy, 
192.; fccrew vesseU on canals, 

■Screw Tcairlv of the navy, dimensions and 
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ffHormaoce of, App. L to it. ; history of 
iDtroductioo of, App^ xxxJ. 

ficrew Teasels, cost of coDvefaiioe bj, IBS. 
IH‘j. laiL 

Sefthone," cQgincs of, 2LL 

Seowvd, Bcrcir propeller bj, 33. ; cn^es 
of ** Tenoagaat” and “ Ktybrales'" b;, 
2iiy.; «D^m-sof the “ Oooflict** by, 212L; 
eoffues of the “ Minx " by, *1?. 

SeUtaa, niodmills used in, X , 

•* Senilnelle," eu^es of^ all. 

Shaft for screw, mode of forming at stem, 
223, 

Kbaking or tw isting of stem of screw vessels, 
cause of. ir.9- 

SbaUow water, vessels plying in very diffl- 
cnlt to propel, 109. ii46. 

** Sharkie,'* engiors of, 2U8. 

Ships, sails of, Hooke's soggestions respect* 
ing, 4^ Hooke’s initmincDt for deicrtnin- 
ing the way of a ship at sea, the present 
patent log, iLi uianoer in which the sails 
act in propelling, lu-t. 

Ships of wood and iron, comparative advan* 
tagirs of, App. xxxiv.; proposed in- 
proTcmvDis in constractUm of, la*. 

Shorter, screw propeller by, LL 

“ dimoom,’* engines uf, all. 

sup of the screw will be greater as the dia* 
meter of the screw is made less, HhL{ or 
as the rrsisuiKe of the vessel is nude 
greater, lau. Lix 134. | jMsitive and oega- 
tive slip. 111- { explanation of the origin 
of negative slip, Ink IT3.; slip itMrreaS'es 
with BO increase of the pitoh and with a 
diniioulioo of the length of screw, 143. ; 
law of variation. 133. 134. ; slip nearly 
tbe same in any given vessel at oU velo- 
cities, 131. : curves of slip, l t>Q. ; two 
kinds of positive slip, latei^ and retro* 
gTvssivr. 1 70, ; slip diminished by inereas- 
tog immeniMm of screw, i?6. 

Smeatoo demonstrales tbe fallacies of mathe* 
usiicians respecting momeotum, 98. 

Specification of screw steamer ** Water 
W'itcb." App. xxxix. 

Smith. F. P., screw pciipeUer by, il*j prac- 
tical intr«)dactioa of Che Mrew mainly 
owing to hU perseverance, ££.; cunstmets 
the ** Archinietles," 87. } comparison of 
his achievemrots with those of Kricssmi, 
2^ screws exhibited by. a! the Great Ex- 
hibition, P-3. ; perfiinuanoe of his screw in 
the ** Rattler,” i.ii^- 

Smith, Benjamin of America, screw 
propeller by, XL 
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Smith, CapL, screw propeller by, S3. 

Smith, J. L., twin stem steamer, kh. 

Smith and Rodger, engines of the ** Euro- 
pean " by, 9IIL 

Smoke-Jack, substantially a small windmill, 
X 

Speed produced by increasing tbe power of 
a vessel varies nearly as the cube root of 
tbe increased power, lua. 152. ; speed of 
the vessel should influence diameter of 
screw, liO. ( increase of speed attainable 
in large vessels, 182. ; mode of predicai- 
ing s|teed, U4. i mflttence of form and 
site of bull oo speed. Lii. 

Stem of screw veascLs, uneasy motion in, 
and cause of, 169. 

Stem stufling-box, XIX 
Stevens, screw propeller by, LX 
Stotbeit and Slaughter, screw engines by, 
SIX 

Stow, partially immersed screw propeller 
by, lx 

Stu^g box at stem of vessel, mode of form- 
ing, 2Q3- 

Sturdre, twin stem steamer by, hX 
Steinman tries BlaxLahd's screw in the 
" Rattler," laX 

Sunderland, screw propeller by, 43.: per- 
formance of his screw in the ** Rattier," 
lan. 

Swallow," dlmeiuions oC H6- 

TapUn, telescope chimney by, 2iX 
Tavlor, screw propeller by, 32, 3X H. 
TcVeacope chimneys, 22X 
Temfdcton. screw propeller by, ML 
“ Termagant ** steam fngatc. LIX 2illL 
Theal, screw protieller by, 2X 
Thompson and Wright, screw propeller by, 
iX 

Thomaun, engines of the ** Bordeaux ” \ry, 
20D.: engine* of Uh* “ Frankfort " by, SIX 
Thrust of the screw vith any given pitch 
wiU'be tbe same whether the diameter be 
large or small, 1U3. : varies with the 
pitch, iiu. 2.19. ; theoretical thrust, 178.; 
thrust in the " Dwarf,** 173. s in the 
“ Minx'* l^O- 

Thrust of the screw, mode of receiving in 
the " Correo," 22X; niodc used by Messrs. 
Pvnn. kii. 

Tod and ^lacgn^r, engines of the " City 
of Glasgow,^ “City of Manchester, ** and 
*• Glasgow • by, 2u9. 

Toogaod, T., proposal for propelling ships 


THE END. 


l.oHro« ; 

A. sod G. A. SKrmtvnoet, 
Xnr-iuest. Squ«»«. 

^ / 


in 1661, by forcing water throngh the 
bottom, X 

Towing or tractive |«owm of screw and 
pwtldle vessrls, 120. 124. ; suggestion of 
tbe raust* of t^ snperior tractive power 
of screw vessels, 125. 

Tredgold suggests Increasing pitch for 
■crew* in 1827. XL 
Trevithick, screw propeller by, IX 
Tucker's mode of attaching the screw pro- 
peller, IX 

Twin stem steamer, kX 62, 63. 

Giihxation or eflieiency, expreasion ts-v 
UX UX 161, 1^ L£X 

Ventilation, 22Q. 

** Vulcan,” engines of, 213. 

Waddell, experiment in screw propelling 
by. ax 

Walker, screw propeller by, 4X 
“ Wasp," engines rf, 

Water resistance of bodies moving in water, 
97. ; see u/so Fluid resistance. 

** Widgeon " tried against the ** Archimedes," 
H8. t dimensions ot I IX 
"Water-witch " screw steamer, ipecifleatioD 
of, App. xxxiz. 

Watt, engines of ** intrepid " and " Pioneer ■ 
^y» 20ti. ; eogiuc* Simoum " by, 
klL 

Whitelaw, direct-acting screw engines by, 
217. 

Wilder, screw pre^Uer by, 21. 

Wilson, screw with increasing or expaadug 
pitch by, 2X 

Wlmshurs^ screw propeller by, 3X fiX 
Wiodinills, descriM by Hero of Alex- 
andria, 2. ; nsed in ancient times in 
Seistao, X t used by the Rotnans, X • used 
in HoUimd, X ; windiuiil subhtauiiidly s 
screw, ^ Homs's borisootal windmill, 

. X t Hooke's proposal to make vertical and 
hmisoDtal windmills work in wsier, vir> 
tnally a proposal of feathering p^dle 
wheels and screw pn^llers, X 
Woodcroft. screw propeller, by. 2X Afi. 60. ; 
performance of his screw in the ** Rattler,'* 

t.lA 

Wooden and iron steamers, 197. 2ix App. 
XXX ui. 

Worcester, Marquis of. plan for propelling 
Teasels in 1661, X 
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